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Abstracts Summanes of Pertinent Articles in Other Journals

Editorials, Commentaries, and Reviews to Note

Introduction to a Series of Systematic Reviews of Weaning from Mechanical Ventilation—Meade

M, Guyatt G, Griffith L, Booker L. Randall J. Cook DJ. Chest 2001 Dec;120(6 Suppl):396S-399S.

The Anesthesiologist in Critical Care Medicine: Past, Present, and Future—Hanson CW
3rd. Durbin CG Jr. Maccioli GA. Deutschman CS. Sladen RN. Pronovost PJ. Gattinoni L. Anes-

thesiology 2001 Sep;95(3);781-788.

Critical Care Delivery in the Intensive Care Unit: Defming Clinical Roles and the Best Prac-

tice Model—Brilli RJ. Spevetz A. Branson RD. Campbell GM. Cohen H. Dasta JF. et al. The

American College of Critical Care Medicine Task Force on Models of Cntical Care Delivery. The

American College of Critical Care Medicine Guidelines for the Definlion of an Intensivist and the

Practice of Critical Care Medicine. Crit Care Med 2001 Oct;29( I0):2007-20I9.

An Approach to Critically III Patients—Rodriguez R. Hern HG Jr. West J Med 2001

Dec;l75(6):392-395.

Critical Care Medicine in AJRCCM 2000—Tobin MJ. Am J Respir Crit Care Med 2001 Oct

l5;164(8Pt I):I347-I36I.

Review of Outcome Measures Used in Adult Critical Care—Black NA. Jenkinson C. Hayes

JA, Young D. Vella K. Rowan KM, et al. Cnt Care Med 2001 Nov;29( 1 1 ):2I 19-2124.

Demystifying Critical Care: A New Series Provides a Succinct, Modern Approach Aimed at

Primary Care Physicians (editorial)—Rodriguez R. West J Med 2001 Dec;175i6):366-367.

Sponsorship, Authorship, and Accountability (editorial)—Davidoff F. DeAngelis CD, Drazen

JM. Hoey J, Hojgaard L, Horton R. et al. JAMA 2001 Sep I2;286( 10): 1 232- 1 234.

Mechanical Ventilator Weaning Protocols Driven by Nonphysician

Health-Care Professionals: Evidence-Based Clinical Practice Guide-

lines—Ely EW, Meade MO. Haponik EF. Kollef MH. Cook DJ. Guyatt

GH. Stoller JK. Chest 2001 Dec;120(6 Suppl):454S-463S..

Health-care professionals (HCPs) can provide protocol-based care that

has a measurable impact on critically ill patients beyond their liberation

from mechanical ventilation (MV). Randomized controlled trials have

demonstrated that protocols for liberating patients from MV driven by

nonphysician HCPs can reduce the duration of MV. The structure and

features of protocols should be adapted from published protocols to

incorporate patient-specific needs, clinician preferences, and institutional

resources. As a general approach, shortly after patients demonstrate that

their condition has been stabilized on the ventilator, a spontaneous

breathing trial (SBT) is safe to perform and is indicated. Ventilator man-

agement strategies for patients who fail a trial of spontaneous breathing

include the following: ( I ) consideration of all remediable factors (such as

electrolyte derangements, bronchospasm, malnutrition, patient position-

ing, and excess secretions) to enhance the prospects of successful libera-

tion from MV; (2) use of a comfortable, safe, and well-monitored mode

of MV (such as pressure support ventilation); and (3) repeating a trial of

spontaneous breathing on the following day. For patients who pass the

SBT, the decision to extubate must be guided by clinical judgment and

objective data to minimize the risk of unnecessary reintubations and self-

extubations. Protocols should not represent rigid rules but, rather, guides

to patient care. Moreover, the protocols may evolve over time as clinical

and institutional experience with them increases. Useful protocols aim to

safely and efficiently liberate patients from MV. reducing unnecessary or

harmful variations in approach.

Using Protocols to Improve the Outcomes of Mechanically Ventilated

Patients: Focus on Weaning and Sedation—Ibrahim EH. Kollef MH.

Cm Care Clin 2001 Oct;17(4):989-100l.

The use of nonphysician-directed protocols and guidelines for the man-

agement of sedation and weaning has been shown to reduce the duration

of mechanical ventilation for patients with acute respiratory failure when

compared with conventional physician-directed practices. Practitioners in

ICUs frequently are needed to pertomi multiple tasks and to evaluate

numerous elements of clinical information in the care of the critically ill.

In this complex environment, protocols and guidelines are one su-ategy

for ensuring that specific tasks are carried out in a timely manner. Simple-

to-employ methods for facilitating changes and improvements in the care

of hospitalized patients recently have been proposed. These methods

emphasize the importance of developing a culture of cooperation within

the ICU so protocols and guidelines can be implemented successfully.

Such a culture should embrace changes in medical practices in the ICU if

they are associated with improved clinical outcomes. The results of stud-

ies evaluating the use of protocols and guidelines have important implica-

tions for general critical care practices, because many ICUs do not have

physicians who are constantly at the patient's bedside. The need for effec-

tive communication from the bedside caregiver (e.g., nurse, respiratory

therapist, pharmacist, technician) to the physician, so that treatment

orders can be changed appropriately, usually results in some delay in the
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Abstracts

implementation of treatment change>. Protocols are one method lor

potentially reducing those delays and ensuring that medical care is

administered in a more standardized and efficient manner.

Delirium in Mechanically Ventilated Patients: Validity and Reliabil-

ity of the Confusion Assessment Method for the Intensive Care Unit

(CAM-ICU)—Ely EW. Inouye SK, Bernard GR. Gordon S. Francis J,

May L.etal. JAMA 2001 Dec 5:286(21 )::703-27IO.

CONTEXT: Delirium is a common problem in the intensive care unit

(ICU). Accurate diagnosis is limited by the difficulty of communicating

with mechanically ventilated patients and by lack of a validated delirium

instrument for use in the ICU. OBJECTIVES: To validate a delirium

assessment instrument that uses standardized nonverbal assessments for

mechanically ventilated patients and to determine the occurrence rate of

delirium in such patients. DESIGN AND SETTING: Prospective cohort

study testing the Confusion Assessment Method for ICU Patients (CAM-

ICU) in the adult inedical and coronary ICUs of a US university-based

medical center. PARTICIPANTS: A total of 1 1 1 consecutive patients

who were mechanically ventilated were enrolled from February 1 , 2000.

to July 15. 2000. of whom 96 (86.5??') were evaluable for the develop-

ment of delirium and 15 (13.5%) were excluded because they remained

comatose throughout the investigation. MAIN OUTCOME MEA-
SURES: Occurrence rate of delirium and sensitivity, specificity, and

interrater reliability of delirium assessments using the CAM-ICU, made

daily by 2 critical care study nurses, compared with assessments by delir-

ium experts using Diagnostic and Statistical Manual of Mental Disorders,

Fourth Edition, criteria. RESULTS: A total of 471 daily paired evalua-

tions were completed. Compared with the reference standard for diagnos-

ing delirium, 2 study nurses using the CAM-ICU had sensitivities of

100% and 93%. specificities of 98% and 100%, and high interrater relia-

bility (K = 0.96: 95% confidence interval. 0.92-0.99). Interrater reliability

measures across subgroup comparisons showed K values of 0.92 for those

aged 65 years or older. 0.99 for those with suspected dementia, or 0.94

for those with Acute Physiology and Chronic Health Evaluation II scores

at or above the median value of 2.^ (all p<0.001 ). Comparing sensitivity

and specificity between patient subgroups according to age. suspected

dementia, or severity of illness showed no significant differences. The

mean (SD) CAM-ICU administration time was 2(1) minutes. Reference

standard diagnoses of delirium, stupor, and coma occurred in 25,2%,

21,3%, and 28.5% of all observations, respectively. Delirium occurred in

80 (83.3%) patients during their ICU stay for a mean (SD) of 2.4 ( 1 .6)

days. Delirium was even present in 39.5% of alert or easily aroused

patient observations by the reference standard and persisted in 10.4% of

patients at hospital discharge. CONCLUSIONS: Delirium, a complica-

tion not currently monitored in the ICU setting, is extremely common in

mechanically ventilated patients. The CAM-ICU appears to be rapid,

valid, and reliable for diagnosing delirium in the ICU setting and may be

a useful instrument for both clinical and research purposes.

Outcome of Mechanical Ventilation for Acute Respiratory Failure in

Patients with Pulmonary Fibrosis—Fumeaux T. Rothmeier C, Jolliet P.

Intensive Care Med 2001 Dec;27( 12): 1868- 1874.

OBJECTIVE: During the course of idiopathic pulmonary fibrosis patients

may need invasive mechanical ventilation because of acute respiratory

failure. We reviewed the charts of all patients with idiopathic pulmonary

fibrosis admitted to our ICU for mechanical ventilation to describe their

ICU course and prognosis. DESIGN AND SETTING: Retrospective,

observational case series, from December 1996 to March 2001. in an 18-

bed medical ICU in a tertiary university hospital. PATIENTS: Fourteen

consecutive patients with idiopathic (n=ll) or secondary (n=3) pul-

monary fibrosis admiued to the medical ICU for mechanical ventilation.

MEASUREMENTS AND RESULTS: Relevant factors of history and

hospital course such as diagnostic and therapeutic interventions were

retrieved as well as laboratory and radiological results. All patients were

admitted for severe acute hypoxemic respiratory failure (Pa02/Fio;

1 1 1±64 mm Hg), with a high clinical suspicion of lower respiratory tract

infection. Despite ventilatory support and adjunctive therapies (antibi-

otics, steroids, or immunosuppressive drugs), all patients gradually wors-

ened and eventually died in the ICU after a mean stay of 7.6±4.6 days.

CONCLL'SIONS: In this study mechanical ventilation for acute respira-

tory failure in pulmonary fibrosis patients was associated with a 100%

mortality, despite aggressive therapeutic and diagnostic procedures.

Reintubatinn ,\fter Planned Fxtubation in Surgical ICU Patients: A
Case-Control Study—Dupont H. Le Pon Y. Paugam-Bunz C. Mantz J,

Desmonts M. Intensive Care Med 2001 Dec:27(12):1875-I880.

OBJECTIVES: Risk factors of reintubation were studied after planned

extubation in a surgical ICL'. METHODS: A retrospective case-control

study was pert'ormed in patients \entilated more than 48 h. Case patients

(CP; n=20) were those requiring reintubation within 72 h after planned

extubation, and control patients (n=20) were those successfully extu-

bated. Controls were matched with CP for age, admission SAPS II. and

duration of mechanical ventilation before extubation. RESULTS: CP had

a significantly higher maximal respiratory rate during T tube trial and

lower minimal SaO;- More CP were treated with volume assist controlled

(VAC) mode on the morning of extubation (60% vs. 25%). Multivariate

analysis identified only VAC mode as an independent factor associated

with reintubation. CP had longer ICU stay and a higher incidence of

nosocomial pneumonia and tracheostomy. There was no difference in

ICU mortality between CP and CTLP. CONCLUSIONS: The VAC mode

of weaning of surgical ICU patients is associated with an increased inci-

dence of reintubation and morbidity after planned extubation. This proba-

bly reflects the clinical condition of patients unable to tolerate pressure

support.

Predicting Success in Weaning from Mechanical Ventilation—Meade

M. Guyatt G. Cook D. Griffith L. Sinuff T. Kergl C. et al. Chest 2001

Dec: 120(6 SuppI):400S-424S.

We identified 65 observational studies of weaning predictors that had

been reported in 70 publications. After grouping predictors with similar

names but different thresholds, the following predictors met our rele-

vance criteria: heterogeneous populations. 51: COPD patients. 21: and

cardiovascular ICU patients. 45. Many variables were of no use in pre-

dicting the results of weaning. Moreover, few variables had been studied

in > 50 patients or had results presented to generate estimates of predic-

tive power. For stepwise reductions in mechanical support, the most

promising predictors were a rapid shallow breathing index (RSBI) < 65

breaths/minA. (measured using the ventilator settings that were in effect

at the time that the prediction was made) and a pressure time product <

275 cm HiO/L/s. The pooled likelihood ratios (LRs) were 1.1 (95% con-

fidence interval [CI]. 0.95 to 1.28) for a respiratory rate [RR] of < 38

breaths/min and 0.32 (95% CI. 0.06 to 1.71) for an RR of > 38

breaths/min. which indicate that an RR of < 38 breaths/min leaves the

probability of successful weaning virtually unchanged but that a value of

> 38 breaths/min leads to a small reduction in the probability of success

in weaning the level of mechanical support. For trials of unassisted

breathing, the most promising weaning predictors include the following:

RR; RSBI; a product of RSBI and occlusion pressure < 450 cm H:0
breaths/min/L; maximal inspiratory pressure (PImax) < 20 cm HiO; and a

knowledge-based system for adjusting pressure support. Pooled results

for the power of a positive test result for both RR and RSBI were limited

(highest LR. 2.23). while the power of a negative test result was substan-

tial (ie. LR. 0.09 to 0.23). Summary data suggest a similar predictive

power for RR and RSBI. In the prediction of successful extubation. an

RR of < 38 breaths/min (sensitivity. 88%; specificity. 47%). an RSBI <

100 or 105 breaths/min/L (sensitivity. 65 to 96%; specificity. to 73%),

218 RESPIRATORY CARE . MARCH 2002 VOL 47 NO 3
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scores that are obtained at hospital admission appear to be the most

promising. After pooling, two variables appeared to have some value. An

RR of > 38 brealhs/min and an RSB! of > 100 hrealhs/min/L appear to

reduce the probahilily of successful e,\lubation. and PImax < 0.3. for

which the pooled LR is 2.23 (95% CI. 1.15 to 4.34). appears to

marginally increase the likelihood of successful extubation. Judging by

areas under the receiver operator curve for all variables, none of these

variables demonstrate more than modest accuracy in predicting weaning

outcome. Why do most of these tests perform so poorly'.' The likely

explanation is that clinicians have already considered the results when

they choose patients for trials of weaning.

Trials Comparing .\lternative Weaning Modes and Discontinuation

Assessments—Mcadc M. Guyatt G. Smuff T. Griffith L. Hand I..

Toprani G. Cook DJ. Chest 2001 Dec;120(6 Suppl):42.';S-437S.

We identified 16 randomized controlled trials (RCTs) of methods for

weaning patients from mechanical ventilation. X of which were trials of

discontinuation assessment strategies. 5 of which were trials of stepwise

reduction in mechanical ventilatory support, and 3 of which were trials

comparing alternative ventilation modes for weaning periods lasting < 48

h. We found that different thresholds for deciding when a patient is ready

for a trial of spontaneous breathing, different criteria for a successful trial,

and different thresholds for extubation may overwhelm the impact of

alternative ventilation strategies. Nevertheless, the results of these studies

suggest the possibility that multiple daily T-piece weaning or pressure

support may be superior to synchronized intermittent mandatory ventila-

tion. Other RCTs suggest that early extubation with the back-up institu-

tion of noninvasive positive-pressure ventilation as needed may be a use-

ful strategy in selected patients.

Trials of Miscellaneous Interventions to Wean from Mechanical Ven-

tilation—Cook D. Meade M. Guyatt G. Butler R. Aldawood A. Epstein

S. Chest 2001 Dec; 1 20(6 Suppl):438S-444S.

We found eight randomized controlled trials (RCTs) of miscellaneous

interventions that were designed to facilitate the process of weaning

from mechanical ventilation. The two RCTs of high-fat/low-carbohy-

drate enteral nutrition found favorable physiologic effects on COj pro-

duction and respiratory quotient, rendering this type of nutrition poten-

tially useful in patients with impaired ventilatory reserve; however, no

conclusions can be made about the outcomes of the duration of ventila-

tion and weaning success. The tv\ o RCTs of postextubation use of non-

invasive ventilation are conflicting, showing potential short-term phys-

iologic benefit in one study, but no benefit in terms of reintubation

rates or other morbidity. These RCTs are less promising than other

applications of noninvasive ventilation such as those in patients with

COPD exacerbations. One RCT showed no improvement in success of

weaning with exogenous growth hormone administration. In the set-

ting of very frequent baseline blood gas analyses, one RCT of oximetry

and capnography was associated with significantly fewer blood gas

analyses. Biofeedback to enhance safe and rapid weaning showed a

dramatically lower duration of ventilation in one RCT that did not

report the weaning methods used. One RCT of preextubation acupunc-

ture showed lower rates of laryngospasm in the acupuncture group.

Overall, these studies were underpowered for clinically important out-

comes. Multidisciplinary. patient-centered, holistic, and non-pul-

monary approaches to weaning may provide additional safe, effective

adjunctive methods of hastening liberation from mechanical ventila-

tion.

Trials Comparing Early vs Late Extubation Following Cardiovas-

cular Surgery—Meade MO. Guyatt G. Butler R. Elms B. Hand L.

Ingram A. Griffith L. Chest 2001 Dec; 120(6 .Suppl):445S-453S.
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We identified 10 randomized trials that compared alternative manage-

ment approaches to patient care during and following cardiovascular

surgery. One overall strategy involved a modification of anesthesia, in

particular, a reduction in the dosage of fentanyl and benzodiazepine or

the substitution of fentanyl for propofol (five randomized controlled

trials IRCTsJ). Pooled results show a shorter duration of ventilation (7

h) and a shorter duration of hospital stay (approximately 1 day) associ-

ated with lower anesthetic doses. The second strategy involved early vs

late extubation once patients were admitted to the ICU (five RCTs).

Pooled results show a shorter duration of ventilation (13 h) and a

shorter duration of ICU stay (half a day) associated with early extuba-

tion. An additional 8 nonrandomized trials had findings that were con-

sistent with the 10 RCTs. Reintubation, complications, and mortality

rates were too low to draw conclusions about these outcomes. Overall,

these studies indicate that anesthetic, sedation, and early-extubation

strategies in selected cardiac surgery patients are associated with a

shorter duration of mechanical ventilation and shorter lengths of ICU

and hospital stays.

Qualitative Studies on the Patient's Experience of Weaning from

Mechanical Ventilation—Cook DJ. Meade MO. Perry AG. Chest 2001

Dec; 1 20( 6 Suppl ):469S-473S.

In contrast to primarily deductive quantitative research, qualitative

research aims to interpret data to develop theoretical insights that

describe and explain phenomena such as interactions, experiences, roles,

perspectives, and organizations. In this review, we summarize qualitative
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studies that used primarily in-depth personal interviews as a data collec-

tion method and a grounded theory analytic approach. The liberal use of

illustrative excerpts and interpretive descriptions offer clinicians vicari-

ous accounts of patient experiences of weaning from mechanical ventila-

tion. Important experiences of patients during their weaning from

mechanical ventilation included frustration, uncertainty, hopelessness,

fear, and lack of mastery. The extent to which, in at least some patients,

these experiences were determinants of weaning failure, consequences of

weaning failure, or both, was difficult to establish. An assumption of this

genre of research is that if clinicians understand the lived experiences of

patients, they can better appreciate patient needs during the weaning pro-

cess, and by inference, their role as clinicians during weaning from

mechanical ventilation.

The Role of Tracheotomy in Weaning—Heffner JE. Chest 2001

Dec;120(6Suppl):477S-481S.

Tracheotomy is commonly performed in ventilator-dependent patients.

Disadvantages to the procedure are perioperative complications, long-

term airway injury, and the cost of the procedure. Benetus ascribed to tra-

cheotomy vs prolonged translaryngeal intubation include improved

patient comfort, more effective airway suctioning, decreased airway

resistance, enhanced patient mobility, increased potential for speech,

ability to eat orally, a more secure airway, accelerated ventilator weanmg,

reduced ventilator-associated pneumonia, and the ability to transfer venti-

lator-dependent patients from the ICU. None of these benefits, however,

have been demonstrated in large-scale, prospective, randomized studies.

It is proposed that there should be an anticipatory approach wherein tra-

cheotomy is considered after an initial period of stabilization with the

patient receiving mechanical ventilation when it becomes apparent that

the patient will require prolonged ventilator assistance. Tracheotomy then

is performed when the patient appears likely to gain one or more of the

benefits ascribed to the procedure.

Ventilator Modes Used in Weaning—Hess D. Chest 2001 Dec:120(6

Suppl):474S-476S.

Weaning techniques include spontaneous breathing trials (SBTs), pres-

sure-support ventilation (PSV), and synchronized intermittent mandatory

ventilation (SIMV). SBTs can be conducted using one of several

approaches, including T-piece breathing, low-level continuous positive

airway pressure, low-level PSV. or setting the ventilator to tlow-trigger-

ing with no pressure applied to the airway. The SET can be used as a

method to identify extubation readiness or as a weaning technique in

which the duration of the trial is gradually increased over time. With pres-

sure-support weaning, the le\el of pressure support is gradually reduced

over time. With weaning using SIMV. the mandatory rate setting on the

ventilator is gradually reduced. Randomized controlled trials have

reported the poorest weaning outcomes using SIMV. Although new ven-

tilator modes have been introduced to facilitate weaning, to date there is

no evidence to support the use of these modes. Noninvasive positive-

pressure ventilation also has been reported to facilitate weaning, but the

ability to generalize these findings remains to be determined.

Post-ICU Weaning from Mechanical Ventilation: The Role of Long-

Term Facilities—Scheinhorn DJ. Chao DC, Hassenpflug MS. Gracey

DR. Chest 2001 Dec; 1 20(6 Suppl):482S-484S.

A re\ lew of the largest observational studies on post-ICU weaning from

prolonged mechanical ventilation yields evidence that more than half of

such patients can be successfully liberated from mechanical ventilation.

Success is likely to fall within a 3-month window, with late successes and

partial ventilator independence still possible thereafter. There is a unifor-

mity of practice in finishing difficult weaning with self-breathing trials of

increasing duration.

Rapid Weaning from Mechanical Ventilator in Acute Cervical Cord
Multiple Sclerosis Lesion After Steroids—Pittock SJ. Rodriguez M,
Wijdicks EF. Anesth Analg 2001 Dec;93( 6 1: 1550-1351.

IMPLICATIONS: We report a patient with multiple sclerosis (MS), who
developed neuromuscular respiratory failure requiring ventilation

because of a cervical cord relapse. Serial pulmonary function tests docu-

mented improvement after steroid treatment. Cervical cord or brainstem

relapses should be suspected in MS patients with respiratory failure.

Identification and management of this critical condition are discussed.

In Vivo Physiologic Comparison of Two \entilators Used for Domi-

ciliary Ventilation in Children with Cystic Fibrosis—Fauroux B,

Pigeot J, Polkey MI, Isabey D, Clement A, Lofaso F. Crit Care Med 2001

Nov;29(ll):2097-2I05.

OBJECTIVE: Home noninvasixe mechanical ventilation (NIMV) is used

with increasing frequency for the treatment of patients with respiratory

failure caused by cystic fibrosis, yet the optimal mode of ventilation in

such children is unknown. We compared the physiologic short-term

effects of two ventilators with different modes (one pressure support and

the other assist controlAolume-targeted [AC/VT|) commonly used for

domiciliary ventilation. DESIGN: Prospective, randomized, crossover

comparison of two ventilators with different modes. SETTING: Tertiary

pediatric university hospital. PATIENTS: Eight children with cystic

fibrosis (age. 11-17 yrs) and chronic respiratory failure (pH 7.4 ± 0.0:

Pao;. 57.5 ± 7.5 torr: Paco;. 46. 1 ± 2.5 torr). naive to NIMV. INTERVEN-
TIONS: Two 20-min runs of pressure support and ACA'T ventilation

were performed in random order, each run being preceded and followed

by 20 mins of spontaneous breathing. MEASUREMENTS: Flow and air-

way pressure and esophageal and gastric pressures were measured to cal-

culate esophageal (PTPes) and diaphragmatic pressure-time product

(PTPdi) and the work of breathing. RESULTS: The two NIMV sessions

significantly improved blood gas variables and increased tidal volume

with no change in respiratory rate. Indexes of respiratory effort decreased

significantly during the two modes of NIMV compared with spontaneous

breathing, with PTPdi/min decreasing from 497.8 ± 1 15.4 cm HjO x sec

X min ' during spontaneous breathing to 127.8 ± 98.3 cm HiO x sec x

min' and 184.3 ± 79.8 cm H2O x sec x min', during ACA'T and pressure

support, respectively (p <0.000I ), and the work of breathing decreasing

from 1.83 ± 0.12 J.L' during spontaneous breathing to 0.48 ± 0.32 J.L'

and 0.75 ± 0.30 J.L'. during ACA'T and pressure support, respectively (p

<0.0001 ). In addition, the effect of AC/VT ventilation was significantly

superior to pressure support judged by PTPes and the work of breathing,

but this result was explained by three patients who adapted extremely

well to the ACA'T ventilation, with the disappearance of ventilator trig-

gering, in effect adopting a controlled mode. There was a correlation

between the improvement in PTPdi/min or the work of breathing and

patient's subjective impression of comfort during the ACA'T ventilation.

CONCLUSIONS: In awake, stable children with cystic fibrosis, both

AC/VT and pressure support unloaded the respiratory muscles. The dis-

appearance of ventilator triggering occurred in a subgroup of patients

during AC/VT ventilation, and this explained the good tolerance and the

superiority of this mode in the present study.

Clinicians' Approaches to Mechanical Ventilation in .\cutc Lung
Injury and ARDS—Thompson BT, Hayden D, Matthay MA. Brower R,

Parsons PE. Chest 2001 Nov;120(5):1622-1627.

STUDY OBJECTIVES: To examine clinicians' approaches to mechani-

cal ventilation in patients with acute lung injury (ALL Pjo./fraction of

inspired oxygen |Fio:] S 300) and compare ventilator settings in patients

with .XRDS (P.iO;/F[0: S 200) to settings in patients with milder oxygena-

tion impairment (PaO;/F|0; of 201 to 300). DESIGN: Reu-ospective analy-

sis of baseline data from prospective randomized trials conducted by the
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National Institutes of Health ARDS Network between 19Q6 and 1999.

SETTING: Ten clinical centers comprising 24 hospitals antl 74 medical

and surgical ICUs of the ARDS Network. MBASURHMF.NTS AND
RESULTS: The most common mode of mechanical ventilation in both

groups was volume-assist control (56%). Synchronized intermittent

mandatory ventilation (SIMV) or SIMV with pressure support was used

more often in patients with PaO;/FiO: of 201 to 300 than in patients with

ARDS. The use of pressure-control ventilation was uncommon (10%

overall). as was the use of permissive hypercapnia {69r of patients with

ARDS and 3% of patients with PaO;/Fio: of 201 to 300). The mean + SD
tidal volume was 10.3 + 2 niL/kg of predicted body weight or 8.6 ± 2

ml,/kg of measured weight for patients with ARDS, and was not signifi-

cantly different tor patients with P.,i);/F|0; of 20! to 300. Plateau pres-

sures (Pplats) were lower in the PaO:/F|0: of 201 to 300 group (27 ± 7 vs

3 1 ± 8 for the ARDS group; p = 0.0003 ) and were > 35 cm HiO in 26% of

patients. Seventy-eight percent of patients with ARDS received < 10 cm
HiO of positive end-expiratory pressure. CONCLUSIONS: Physicians in

ARDS Network centers caring for patients early in the course of

ALl/ARDS used volume-targeted ventilation and selected tidal volumes

that resulted in Pplats generally < 35 cm H:0. The average tidal volume

was similar for patients with .ARDS vs those with milder oxygenation

deficits.

Trials of Corticosteroids to Prevent Postextubation .Airway Compli-

cations—Meade MO. Guyatt GH. Cook DJ. Sinuff T. Butler R. Chest

2001 Dec; 1 20(6 Suppl):464S-48S.

We identified three randomized controlled trials (RCTs) that addressed

whether preextubation steroid administration reduces postextubation

complications in children. The pooled analysis of primary extubation in

children demonstrated significantly less stridor (relative risk [RR]. 0.57;

95% confidence interval [CI], 0.40 to 0.81 ) and a trend toward less reinlu-

bation (RR, 0.50; 95% CL 0.02 to 13.87) with corticosteroids. One non-

RCT in children who had failed extubation the first time found a signifi-

cant reduction in duration of prolonged reintubation (> 6 days) and in

failed reextubations. The four RCTs in adults reported very low reintuba-

tion rates, and no conclusions can be drawn. Only one RCT assessed pos-

textubation stridor and found little difference. Overall, we found that cor-

ticosteroids decreased the risk of postextubation stridor in children by

about 40%. However, the effect of corticosteroids in children and adults

to reduce postextubation complications such as reintubation is uncertain.

The Influence of Endotracheal Tube Leak on the Assessment of Res-

piratory Function in V entilated Children—Main E, Castle R, Stocks J,

James I, Hatch D. Intensive Care Med 2001 Nov;27( 1 1 ): 1788- 1797.

OBJECTIVE: The use of respiratory mechanics to optimise ventilator

settings has become more common since the integration of pressure and

flow transducers into modem ventilators. However, values of respiratory

resistance (Rr^) and compliance (C,^) can be overestimated in the pres-

ence of tracheal tube leak and clinical decisions based on these figures

would be misinformed. This study aimed to assess the influence of tra-

cheal tube leak on measurements of Crs, Rrs and expired tidal volume

(Vte) in ventilated children in order to establish when such measure-

ments were reliable in this population. DESIGN: Respiratory function

was monitored for at least t~ive consecutive hours during which normal

medical procedures were performed. The magnitude and variability of

tracheal tube leak was assessed during these periods, SETTING: The pae-

diatric and cardiac intensive care units at Great Ormond Street Hospital

for Children. NHS Trust, London. PATIENTS: Seventy-five paralysed,

fully ventilated infants and children. RESULTS: Ten children had a mean

leak greater than 20% (range: 22%- -65%). Amongst this group there were

wide fluctuations with respect to leak magnitude, V^, Crs and Rr^. Leaks

of less than 20% appeared necessary to obtain reliable measurements of
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Cr^ and Rrs and to ensure consistent and adequate ventilation. CONCLU-
SIONS: Leaks larger than 20% result in inconsistent tidal volume deliv-

ery and gross overestimation of Cr^ and R,^ irrespective of ventilation

mode. The magnitude of tracheal tube leak needs to be accurately dis-

played on all ventilatory equipment to verify reliable measures of respira-

tory function so that appropriate clinical decisions can be made and venti-

latory management optimised.

Measurement of Peak Inhalation Rates with an In-Check Meter to

Identify an Elderly Patient's Ability to Use a Turbuhaler—Nsour

WM, Alldred A, Corrado J, Chrystyn H, Respir Med 2001

Dec;95(12):965-968.

Dry powder inhalers are designed with resistance to airflow so that a res-

pirable cloud of particles is generated during inhalation. Some of these

devices require a certain inhalation rate to produce a consistent dose of

respirable particles. The aim of the study was to determine the inhalation

rate of elderly patients with chronic obstructive pulmonary disease

(COPD) when they inhale through a Turbuhaler and assess the potential

of the In-Check Meter to identify inhalation rates. Their peak inhalation

rale using a normal inhalation, pre- and post-counselling, was measured

using a Turbuhaler Trainer and an In-Check Meter. Spirometry was also

measured. Seventy-four COPD patients with a mean (SD) age of 79.7

(8.4) years and forced expiratory volume in I sec (FEV| ) 41.9 ( 12,8)%

predicted. Pre-counselling 14 obtained a rate of < 30 L min ' with the

Turbuhaler Trainer, 31 from 30 to 40 min ', 23 between 40-60 L min '

and 6 > 60 L min '. The median (range) peak inhalation rates with the In-
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Check Meter were 50 (30-70). 70 (50-130). 100 (60-200) and 225 (200-

250) L min '. Post-counselling 7. 16.41 and 10 achieved the respective

peak inhalation rates using the Turbuhaler Trainer Similarly the In-Check

inhalation rates were 50 (50-60). 70 (5()-l.TO). 90 (60-200) and 250 (200-

270) L min'. The results highlight the potential of the In-Check Meter to

identify patients' inhalation rates through dry powder inhalers.

Non-Conlinuous Home Oxygen Therapy: Utilization, Symptomatic

Effect and Prognosis, Data from a National Register on Home Oxy-

gen Therapy—Ringbaek TJ. Viskum K. Lange P. Respir Med 2001

Dec;95(12):980-9S5.

About half of all patients on home oxygen therapy recei% e non-continuous

oxygen therapy (less than 15 h daily) (NCOT). The goal of NCOT is to

improve well-being during daily activities and to improve sleep quality. The

aim of this study was to evaluate the effect of NCOT on pulmonary symp-

toms and sleep quality, and to determine whether patients with a subjective

beneficial effect differed from those without effect in terms of patients' char-

acteristics, utilization of oxygen, hospitalization and survival. Furthermore,

the relationship between the reported beneficial effect of NCOT on dysp-

noea and physical activity during domestic activities was examined. During

tlie period November 1994 to July 1995. 254 Danish patients were pre-

scribed oxygen less than 12 h daily or 'on demand'. Of these patients. 142

(55.9'7r) answered a questionnaire on hours spent with oxygen and symp-

tomatic effect of oxygen treatment. While on oxygen. 76.3% of the patients

reported improved dyspnoea score (0-10) more than 0.5 points. 78.3% had

improved quality of life. 59.5% improved sleep. 48.5% increased physical

activity, 49.3% felt less tired and 40.0% reported improved thinking. Fifty-

seven (43.2% ) patients reponed both impro\ ed dyspnoea and physical acti\-

it\ whereas se\en (5.3% ) patients reponed that oxygen had no effect on dys-

pnoea but a beneficial effect on physical activity Only 11 (7.7%) patients

reported no subjective improvement on oxygen. The subjective effect of

NCOT was not significantly associated to hours spent with oxygen, the

underiying disease, gender, hospitalization or survival. During daily activity

and regardless of daily number of hours spent with oxygen, NCOT
improved well-being in nearly all patients. The most pronounced improve-

ment was reported on dyspnoea, sleep and quality of life. Very few patients

sensed improved physical activity w ithout relief in breathlessness.

Management of Oxygenation in Pediatric Acute Hypoxemic Respira-

tory Failure—Matthews BD. Noviski N. Pediatr Pulmonol 2001

Dec;32(6):459-470.

The prognosis for patients with acute respiratory distress syndrome

(ARDS) in adults and children has improved since its formal acceptance

as a clinical entity m 1967. Because acute hypoxemic respiratory failure

is the hallmark of acute lung injury and ARDS, the management of oxy-

genation is crucial. Physicians managing pediatric patients with acute

lung injury or ARDS are faced with a complex array of options influenc-

ing oxygenation. Certain treatment strategies can influence clinical out-

comes, such as a lung-protective ventilation strategy that specifies a low

tidal volume (6 mL/kg) and a plateau pressure limit (30 cm HiO) (Acute

Respiratory Distress Network, N Engl J Med 2000;342:1301-1308).

Other lung-protective strategies such as different levels of positive end-

expiratory pressure, altered inspiratoryiexpiratory ratios, recruitment

maneuvers, prone positioning, and extraneous gases or drugs may impact

clinical outcomes but require further clinical study. This paper reviews

state-of-the-art strategies on the management of oxygenation in acute

hypoxemic respiratory failure and attempts to guide pediatric pulmonolo-

gists in managing children with respiratory failure.

Cardiopulmonary Resuscitation Directives on .Admission to Inten-

sive-Care Unit: .\n International Observational Study—Cook DJ,

Guyatt G, Rocker G. Sjokvist P. Weaver B. Dodek P. et al. Lancet 2001

Dec8;358(9297):1941-1945.

BACKGROUND: Resuscitation directives should be a sign of patient's

preference. Our objective was to ascertain prevalence, predictors, and

procurement pattern of cardiopulmonary resuscitation directives within

24 h of admission to the intensive-care unit (ICU). METHODS: We
enrolled 2916 patients aged 18 years and older from 15 ICUs in four

countries, and recorded whether, when, and by whom their cardiopul-

monary resuscitation directives were established. By polychotomous

logistic regression we identified factors associated with a resuscitate or

do-not-resuscitate directive. FINDINGS: Of 2916 patients, 318 (11%;

95% CI 9.8-12.1) had an explicit resuscitation directive. In 159 (50%;

44.4-55.6) patients, the directive was do-not-resuscitate. Directives were

established by residents for 145 (46%; 40.0-51.3) patients. Age strongly

predicted do-not-resuscitate directives: for 50-64. 65-74. and 75 years

and older, odds ratios were 3.4 (95% CI 1.6-7.3), 4.4 (2.2-9.2). and 8.8

(4.4-17.8), respectively. APACHE II scores greater than 20 predicted

resuscitate and do-not-resuscitate directives in a similar way. An explicit

directive was likely for patients admitted at night (odds ratio 1.4 [1.0-1.9]

and 1.6 [1.2-2.3] for resuscitate and do-not-resuscitate, respectively) and

during weekends (1.9 [1.3-2.7] and 2.2 [1.5-3.2], respectively). Inability

to make a decision raised the likelihood of a do-not-resuscitate (3.7 [2.6-

5.4]) than a resuscitate (1.7 [1.2-2.3]) directive (p=0.0005). Within

Canada and the USA, cities differed strikingly, as did centres within

cities. INTERPRETATION: Cardiopulmonary resuscitation directives

established within 24 h of admission to ICU are uncommon. As well as

clinical factors, timing and location of admission might determine rate

and nature of resuscitation directives.

Predictors of Failure of Noninvasive Positive Pressure Ventilation in

Patients with .\cutc Hypoxemic Respiratory Failure: .A Multi-Center

Study—Antonelli M. Conti G. Moro L. Esquinas A. Gonzalez-Diaz G,

Confalonieri M.et,il. Intensive Care Med 2001 Nov;27( 1 1 ):1718-1728.

CONTEXT: In patients with hypoxemic acute respiratory failure (ARF),

randomized studies have shown noninvasive positive pressure ventilation

(NPPV) to be associated with lower rates of endotracheal intubation. In

these patients, predictors of NPPV failure are not well characterized.

OBJECTIVE: To investigate variables predictive of NPPV failure in

patients with hypoxemic ARF. DESIGN: Prospective, multicenter cohort

study. SETTING: Eight Intensive Care Units (ICU) in Europe and USA.

PATIENTS: 4 of 5.847 patients admitted between October 1996 and

December 1998. 2.770 met critena for hypoxemic .ARF. Of these. 2.416

were already intubated and 354 were eligible for the study. RESULTS:

NPPV failed in 30% (108/354) of patients. The highest intubation rate

was observed in patients with ARDS (51%) or community-acquired

pneumonia (50%-). The lowest intubation rate was observed in patients

with cardiogenic pulmonary edema (10%-) and pulmonary contusion

(18%). Multivariate analysis identified age >40 years (OR 1.72. 95% CI

0.92-3.23). a simplified acute physiologic score (SAPS 111 > 35 (OR 1.81.

95% CI 1 .07-3.06). the presence of .ARDS or community-acquired pneu-

monia (OR 3.75. 95%^ CI 2.25-6.24). and a Pao.-Fio: S 146 after 1 h of

NPPV (OR 2.51. 95%r CI 1.45-4.35) as factors independently associated

with failure of NPPV. Patients requiring intubation had a longer duration

of ICU stay ( p<0.001 ). higher rates of ventilator-associated pneumonia

and septic complications (p<0.001). and a higher ICU mortality

(p<0.001 ). CONCLUSIONS: In hypoxemic ARF. NPPV can be success-

ful in selected populations. When patients have a higher severity score, an

older age. ARDS or pneumonia, or fail to improv e after 1 h of treatment,

the risk of failure is higher.

Information Superhighway or Billboards by the Roadside? An Anal-

ysis of Hospital Web Sites—Zingmond DS. Lim YW. Ettner SL,

CariisleDM. WestJMed 2001 Dec;175(6):385-391; discussion 391.

OBJECTIVES: To determine the prevalence of hospital web sites, the

types of information provided within these sites, and the relationship of
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information to institutional characteristics. DESIGN: Online search of

hospital web sites over a 6-vveek period in late lyw. Weh sites were

abstracted for content. Bi\ariale comparisons were made of hospital

profit status and ownership or operation by a inultihospital network.

P.ARTICIP.ANTS: California acute care hospitals and their web sites.

MAIN OUTCOME MEASURES: Operation of web sites and web site

content. RESULTS: Among 390 California hospitals. 242 (627r > had eas-

ily identifiable web sites. 59 ( I5'7r) had no web sites, and 89 (liVc) had

sites identified only after telephone follow-up. Hospitals without sites

were more likely not-for-profit, small, rural, or unaffiliated. The presenta-

tion of information was inconsistent, although most (939r i provided basic

contact information. Many hospitals provided health content information

{709r ) or mentioned health classes (659r). but few guaranteed the quality

of this information. Patient care features (online health profiles, risk iden-

tification, e-mail) were infrequent ( 139^) and rudimentary. Product adver-

tising was frequent i549c) but was often nonhealth-related and unobtru-

sive. Of the 369^ of hospitals that reported information on quality, few of

the designated measures were valid and reliable measures of quality.

Overall, 2l'7f of hospitals reported accreditation ijoint Commission on

Accreditation of Healthcare Organizations) status, and for-profit hospital

web sites were more likely to report this accreditation. CONLCUSION:
Consumers should be aware of current limitations in using information on

hospital web sites. In the future, hospitals may better realize the potential

of web sites for the delivery of health care information and patient care.

Efficacy and Outcome of Intensive Care in Pediatric Oncologic

Patients—Heying R. Schneider DT. Korholz D. Stannigel H, Lemhurg

P. Gobel U. Cnt Care Med 2001 Dec;29( l2):2276-2280.

OBJECTIVE: Because the long-term survival of children with cancer has

dramatically improved because of multimodal treatment strategies, inten-

sive care medicine has become more relevant for these patients. This

study was performed to assess the efficacy of intensive care medicine in

newly diagnosed pediatric oncologic patients and in patients under ongo-

ing oncologic treatment. DESIGN: A retro.spective analysis of children

admitted to the pediatric intensive care unit (PICU) of the University

Hospital Duesseldorf for life-threatening conditions between 199.'i and

1999 was performed to identify those patients with an oncologic condi-

tion. SETTING: University hospital. PATIENTS: A total of 123 patients

were identified. Children admitted for uncomplicated postoperative care

and children admitted after bone marrow transplantation were excluded

from this analysis. Forty-eight patients could be divided into two groups.

Group A contained children admitted to the PICU at the time of cancer

diagnosis and group B children receiving ongoing oncologic treatment.

INTERVENTIONS: The evaluation included diagnosis, risk factors,

complications leading to PICU admission. PICU therapy, and outcome.

Statistical analysis included evaluation of Pediatric Risk of Mortality

(PRISM) and Therapeutic Intervention Scoring System (TISS) scores.

MEASUREMENTS AND MAIN RESULTS: Respiratory insufficiency

was the leading diagnosis for PICU admission, whereas in the remaining

children cardiovascular insufficiency, renal failure, neurologic impair-

ment, ileus, and tumor-associated complications led to PICU admission.

The number of organ failures was correlated to outcome. All children but

one of group A could be discharged from the PICU, whereas 12 of 35

children in group B died, despite intensive care treatment attempts. The

PRISM and TISS scores at admission to the PICU were significantly

higher in children who did not surxive the period of intensive care treat-

ment in group B. However, all patients with a PRISM score of >20 died.

CONCLUSIONS: Diagnosis of cancer does not exclude potential benefit

from intensive care medicine in these children, although severe complica-

tions might affect the prognosis.

Influence of an Advance Directive on the Initiation of Life Support

Technology in Critically III Cancer Patients—Wallace SK. Martin CG,

Shaw AD, Price KJ. Crit Care Med 2001 Dec:29( 12):2294-2298.
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OBJECTIVE: To determine whether the presence of an advance directive

at admission to an intensive care unit (ICUl influenced the decision to ini-

tiate life support therapy in critically ill cancer patients. DESIGN:
Matched-pairs case-control design. SETTING: The University of Texas

M. D. Anderson Cancer Center ICU. PATIENTS: Of 872 patients treated

in the ICU from 1994 to 1996, 236 (27%) were identified as having

advance directives. One hundred thirty five patients who had advance

directives were successfully matched to 135 patients who did not on the

basis of type of malignancy, reason for admission to ICLI. severity of ill-

ness, and age. These pairs comprised the study group. INTERVEN-
TIONS: Life-supporting interventions were compared between the

matched groups using the McNemar and Wilcoxon matched-pairs signed

ranks tests. MEASUREMENTS AND MAIN RESULTS: No significant

difference was found in the frequency with which the following interven-

tions were applied in patients with and without advance directives

(respectively): mechanical ventilation. 44% vs. 42^: inotropic support.

31% vs. 31%: pulmonary artery catheterization. 11% vs. 12%: cardiopul-

monary resuscitation. 7% vs. 12%; and renal dialysis. 3% vs. 7%. There

were also no differences in ICU (75% vs. 73%. respectively) or hospital

(56% vs. 59%. respectively) survival. More patients with advance direc-

tives than those without had do-not-resuscitate orders within the first 72

hrs (19% vs. 1 1%. p = 0.046) and patients with advance directives had

shorter ICU durations and lower ICU charges than patients without

advance directives. CONCLUSIONS: After controlling for type of malig-

nancy, reason for admission to the ICU. severity of illness, and age. the

decision to initiate life-supporting interventions did not differ signifi-

cantly among patients w ith and without advance directives. The presence

Respiratory Care • March 2002 Vol 47 No 3 225
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of an advance direclive, however, may have helped guide decisions ear-

lier regarding duration of therapy and resuscitation status.

Use of Hcliox in Patients with Se\crt Exacerbation of Chronic

Obstructive Pulmonary Disease—Gerbeaux P, Gainnier M, Boussuges

A. Rakotonirina J, Nelh P. Torro D. et al. Crit Care Med 2001

Dec;29(12):2322-2324.

OBJECTIVE: To assess whether patients with chronic obstructive pul-

monary disease treated with heliox have a better prognosis than those

treated with standard therapy. DESIGN: Retrospective analysis over 18

months. SETTING: Academic emergency department. PATIENTS:

Eighty-one patients admitted with exacerbation of chronic obstructive

pulmonary disease and respiratory acidosis. INTERVENTIONS: Use of

helium-oxygen mixture as an adjunctive therapy. MEASUREMENTS
AND MAIN RESULTS; The following data were collected; age. gender,

medical history, vital signs, arterial blood gas at admission, emergency

room treatment, requirement for intubation, admission in intensive care

unit, length of stay, and evolution. Patients were classified into two

groups according to whether heliox was used as a therapeutic agent

(heliox group) or not (standard group). X' '^st and Student's r-test were

used for statistical analysis (significant at p < 0.05). In both groups, the

following data were similar: age, gender, medical history, vital signs, ini-

tial arterial blood gas, and emergency room treatment. Significant

decreases in intubation, and mortality rate were identified in the heliox

group. Significant decreases in intensive care unit stay and in-hospital

stay were observed for survivors in the heliox group. CONCLUSION:

Use of heliox seems to improve prognosis in patients with severe acute

exacerbation of chronic obstructive pulmonary disease. Prospective ran-

domized studies are needed to confirm these results.

Morbid Obesity in the Medical ICU—El-Solh A. Sikka P. Bozkanat E.

Jaafar W. Davies J. Chest 2(.)01 Dec;120(6):l989-1997.

Study objective: To describe the clinical course, complications, and

prognostic factors of morbidly obese patients admitted to the ICU com-

pared to a control group of nonobese patients. DESIGN: A retrospective

study. SETTING: Two university-affiliated hospitals. METHODS: We
reviewed the medical records of 1 17 morbidly obese patients (body mass

index > 40 kg/m-) admitted to the medical ICU between January 1994

and June 2000. Data collected included demographic information,

comorbid condition. APACHE (acute physiology and chronic health

evaluation) II score, invasive procedures, organ failure, and in-hospital

mortality. RESULTS; Obstructive airway disease, pneumonia, and sep-

sis were the main reasons for admission to the ICU in the morbidly obese

group. Sixty-one percent of the morbidly obese patients and 46% of the

nonobese group required mechanical ventilation (p = 0.02). The mean

lengths of mechanical ventilation and ICU stay were significantly longer

for the morbidly obese group (7.7 ± 9.6 days and 9.3 ± 10.5 days vs 4.6 ±

7.1 days and 5.8 ± 8.2 days, respectively: p < 0.001 ). APACHE II scores

were not significantly different in the two groups ( 19. 1 ±7.6 and 20.6 ±

12.2; p = 0.6). Overall mortality was 30% for the morbidly obese

patients and 17% for the nonobese group (p = 0.019). By multivariate

analysis, multiorgan failure (odds ratio [OR], 4.6; 95% confidence inter-

val [CI]. 2.1 to 16.6), PaO;/fraction of inspired oxygen < 200 for > 48 h

(OR, 2.3; 95% CI. 1.2 to 7.8). and depressed left ventricular ejecnon

fraction < 40% (OR. 1.4; 95% CI. 1.03 to 13.8) were independently

associated with ICU mortality in the morbidly obese group. CONCLU-
SION: We conclude that critically ill morbidly obese patients are at

increased risk of morbidity and mortality compared to the nonobese

patients.

Severe Accidental Hypothermia Treated in an ICU: Prognosis and

Outcome—Vassal T. Benoit-Gonin B. Carrat F. Guidet B. Maury E,

Offenstadt G. Chest 2001 Dec; 1 20(6): 1998-2003.

STUDY OBJECTIVES: To assess the characteristics and outcomes of

patients admitted to an ICU for severe accidental hypothemiia. and to iden-

tity risk factors for mortality. METHODS: All consecutive patients admitted

loan ICU between January I. 1979. and July 31. 1998. with a temperature of

< 32 ° C were retrospectively analyzed. Rewarming was always conducted

passively with survival blankets and conventional covers. Prognostic factors

were studied by means of univariate analysis (Mann-Whitney U and X'

tests) and multivariate analysis (logistic regression). RESULTS: Forty-

seven patients were enrolled (mean ± SD age, 61.7 ± 16 years). Five patients

had a cardiac arrest before ICU admission. Patient characteristics at ICU

admission were as follows: temperature. 28.8 ± 2.5 ° C; systolic BP. 85 ± 23

mm Hg; heart rate. 60 ± 24 beat.s/min; Glasgow Coma Scale. 10.4 ± 3.7; and

simplified acute physiology score (SAPS) II. 50.9 ± 27. Mechanical ventila-

tion was necessary in 23 cases, and 22 patients in shock received vasoactive

drugs. The mean length of stay in the ICU was 6.7 + 9 days. Eighteen

patients (38%) died, but ventricular arrhythmia was never the cause. Uni-

variate analysis identified several prognostic factors (p < 0.05): age (57 ± 16

years vs 69 ± 14 years), systolic arterial BP (93 ± 20 mm Hg vs 71 ± 21 mm
Hg), blood bicarbonate level (23.5 ± 5.2 mmol/L vs 16.6 ± 6.2 mmol/L),

SAPS II score (35.3 + 19.5 vs 72 ± 21). mechanical ventilation (34% vs

81%). vasopressor agents (42% vs 82%). rewarming time (11.5 ± 7.2 h vs

1 7.2 ± 7 h). and discovery of the patient at home (2.3% vs 54.5%-). The ini-

tial temperature did not infiuence vital outcome (28.9 ± 2.6 ° C vs 28.6 ± 2.2

° C). Only the use of vasoactive drugs (odds ratio. 9; 95% confidence inter-

val. 1 .6 to 50. 1 ) w as identified as a prognostic factor in the multivanate anal-

ysis. CONCLUSION: Severe accidental hypothermia is a rare cause of ICU

admission in an urban area. Its mortality remains high, but there is no over-

mortality according to the SAPS Il-derived prediction of death. Shock,

requiring treatment with vasoactive drugs, is an independent risk factor for

mortality, while initial core temperamre is not. It remains to be determined

whether aggressive rather than passive rewarming procedures are better.

Infection Control in the ICU—Eggimann P. Pittet D. Chest 2001

Dec;120(6):2059-2093.

Nosocomial infections (NIs) now concern 5 to 15% of hospitalized

patients and can lead to complications in 25 to 33% of those patients

admitted to ICUs. The most common causes are pneumonia related to

mechanical ventilation, intra-abdominal infections following trauma or

surgery, and bacteremia derived from intravascular devices. This

overview is targeted at ICU physicians to convince them that the princi-

ples of infection control in the ICU are based on simple concepts and that

the application of preventive strategies should not be viewed as an admin-

istrative or constraining control of their activity but, rather, as basic mea-

sures that are easy to implement at the bedside. A detailed knowledge of

the epidemiology, based on adequate surveillance methodologies, is nec-

essary to understand the pathophysiology and the rationale of preventive

strategies that have been demonstrated to be effective. The principles of

general preventive measures such as the implementation of standard and

isolation precautions, and the control of antibiotic use are reviewed. Spe-

cific practical ineasures. targeted at the practical prevention and control

of ventilator-associated pneumonia, sinusitis, and bloodstream, urinary

tract, and surgical site infections are detailed. Recent data strongly con-

firm that these strategies may only be effective over prolonged periods if

they can be integrated into the behavior of all staff members who are

involved in patient care. Accordingly, infection control measures are to

be viewed as a priority and hav e to be integrated full> into the continuous

process of inipro\ ement of the quality of care.

Metering Performance of Several Metered-Dose Inhalers with Dif-

ferent Spacers/Holding Chambers—Berlinski A. Waldrep JC. J

Aerosol Med 2001 Wmter;14(4):427-432.

Metered-dose inhalers (MDI) are routinely used to administer inhaled

antiasthma drugs. Actuation-inhalation coordination problems are over-
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come and systemic side et'f'ecls are reduced by using spacers/holding

chambers (SP/HCHs). Many of these devices do not allow the use of

the manufacturer's actuator. The objectives of this study were (a) to

investigate the effect of the interaction of eight MDI products with four

different SP/HCHs on their metering performance (MP); and (b) to test

the hypothesis whether the MP obtained with a SP/HCH and a given

drug (MDI) can be extrapolated to other MDls, even for members of its

particular drug class. The procedure outlined in The United States

Pharmacopeia-The National Formulary was used (determination of

canister weight changes after actuation). The SP/HCH tested were

Aerochamber. Inspirease. and ACE. The MDIs tested were salmeterol

xinafoate; albuterol with chlorotluorocarbons and 1,1,1,2-tetrafluo-

roethane as propellants: cromolyn sodium: nedocromil sodium; tlu-

nlsolide; beclomethasone dipropionate; and fluticasone propionate.

Only flunisolide-lnspirease presented an unacceptable MP. Although

within the acceptable limits, the MP varied significantly between the

following MDI-SP/HCH combinations: Optihaler-nuticasone propi-

onate and Optihaler-cromolyn sodium < to Aerochamber-fluticasone

propionate and Aerochamber-cromolyn sodium (p = 0.0015 and p =

0.0007. respectively); and Inspirease-tlunisolide and Optihaler-flu-

nisolide < Aerochamber flunisolide (p = 0.003 and p = 0.005, respec-

tively). MP did not significantly vary when albuterol with chlorofluo-

rocarbons or 1.1.1,2-tetrafluoroethane as propellants. salmeterol

xinafoate, beclomethasone dipropionate. and nedocromil sodium were

attached to any of the SP/HCHs studied. Our results emphasize the

capital importance of choosing the right combination of MDI and

SP/HCH for aerosol delivery. The MP obtained with a drug and a

SP/HCH cannot be expected to be similar for other MDIs. even for

members of its drug class. These data also suggest the need for regula-

tory agencies to approve an MDI to be used only with the SP/HCHs

tested.

Evaluation of Four Breath-Enhanced Nebulizers for Home Use—Ho

SL, Kwong WT, O'Drowsky L. Coates AL. J Aerosol Med 2001 Win-

ter; 14(4):467-475.

The objective of this study was to evaluate relative efficiency in vitro

of four reusable breath-enhanced nebulizers (Pari LC Star, Medic-Aid

Ventstream, Devilbiss PermaNeb, Salter Ultramist), and to integrate

the in vitro performance data of the nebulizers with the respiratory pat-

terns of four cystic fibrosis (CF) patients to compare efficiency in vivo

of each device for each individual patient. Six nebulizers of each type

were used to nebulize a solution of 2.5 mg (0.5 mL) albuterol with 3.5

mL of 0.9Vr saline. Total albuterol output and the rate of albuterol out-

put of each device were measured until end-nebulization and for 4 min,

respectively, using entrained flows from to 20 L/min through the

inspiratory valve of the device. Particle size distributions and the res-

pirable fraction (RF) were evaluated by laser diffraction technique.

Regression analysis of the change in rate of output and change in RF
values with inspiratory flows was done to characterize each nebulizer's

performance over the complete range of interest. Actual breath trac-

ings of four CF patients were integrated w ith the equations specific to

the in vitro performance of each nebulizer and in vivo nebulizer effi-

ciency was calculated. The change in efficiency in vitro from to 20

L/min tlow, respectively, was highest for the Star (44-57%) and lowest

for the Ultramist (13-15'7r). The mean predicted efficiency in vivo for

the Star was threefold that of the Ultramist. Although all four nebuliz-

ers are breath-enhanced in design, clearly there are measurable differ-

ences in the performance and efficiency of each type. The Pari LC Star

nebulizer has proven to be the nebulizer of choice among the devices

tested.

Guidelines Versus Clinical Practice in the Treatment of Chronic

Obstructive Pulmonary Disease—Roche N, Lepage T, Bourcereau J.

Terrioux P. Eur Respir J 2001 Dec;18(6):903-908.

The main purpose of this study was to assess whether pharmacological

treatments prescribed by respiratory physicians to patients with chronic

obstructive pulmonary disease (COPD) were consistent with the guide-

lines. The treatments prescribed by respiratory physicians to 631 consec-

utive patients with COPD. compared to 879 asthmatics were prospec-

tively recorded. All subjects underwent peak expiratory flow rate

measurement, spirometry and assessment of recent evolution and dysp-

noea (visual analogue and Medical Research Council scales). Patients

with COPD received more treatments than asthmatics (mean±SD: 2.6±-0.5

versus 2.2+0.4. p<0.0001). Treatments administered to patients with

COPD were P2-agonists in 7%9c (versus 94% in asthmatics), anticholin-

ergic agents (AC) in 56% (versus 16% in asthma), methylxanthines in

31% (versus 15% in asthma) and inhaled corticosteroids in 76% (versus

85% in asthma). Intensity of treatment was influenced by disease sever-

ity for all treatments except AC. In conclusion, pharmacological treat-

ment of chronic obstructive pulmonary disease by respiratory physicians

is only partially consistent with current guidelines, with a high propor-

tion of inhaled corticosteroid prescriptions and a relative under-use of

anticholinergic agents; this most likely reflects the persistent uncertain-

ties of physicians, and emphasizes that more efforts are required to

improve implementation of chronic obstructive pulmonary disease

guidelines and assess the efficacy and cost-effectiveness of recom-

mended strategies.

Noninvasive Proportional Assist Ventilation for Acute Respiratory

InsufTiciency: Comparison with Pressure Support \ entilation—Gay

PC. Hess DR. Hill NS. Am J Respir Crit Care Med 2001 Nov

1;164(9):1606-1611.

Noninvasive positive pressure ventilation (NPPV) is usually applied

using pressure support ventilation (PSV). Proportional assist ventilation

(PAY) is a newer mode that delivers assisted ventilation in proportion to

patient effort. We hypothesized that PAY for NPPY would support gas

exchange and avoid intubation as well as PSY and be more comfortable

and tolerable for patients. Adult patients with acute respiratory insuffi-

ciency were randomized to receive NPPY with PAY delivered using the

Respironics Vision ventilator or PSV using a Puritan-Bennett 7200ae

critical care ventilator. Each mode was adjusted to relieve dyspnea and

improve gas exchange until patients met weaning or intubation criteria,

died, or refused to continue. Twenty-one and 23 patients were entered

into the PAY and PSV groups, respectively, and had similar diagnoses

and baseline characteristics, although pH was slightly lower in the PAV
group (7.30 versus 7.35. p = 0.02). Mortality and intubation rates were

similar, but refusal rate was lower, reduction in respiratory rate was more

rapid, and there were fewer complications in the PAV group. We con-

clude that use of the PAV mode is feasible for noninvasive therapy of

acute respiratory insufficiency. Compared with PSV delivered with the

Puritan-Bennett 7200ae. PAV is associated with more rapid improve-

ments in some physiologic variables and is better tolerated.

Nocturnal Oxygen Therapy in Patients with the Eisenmenger Syn-

drome—Sandoval J. Aguirre JS. Pulido T. Martinez-Guerra ML. Santos

E. Alvarado P. et al. Am J Respir Crit Care Med 2001 Nov

1;164(9):16S2-1687.

This prospective and controlled pilot study evaluates the long-term

effects of nocturnal oxygen therapy (NOT) on exercise endurance, hema-

tology variables, quality of life, and survival of 23 adult patients (mean

age. 32 ± 6 yr) with post-tricuspid congenital heart defects (ventricular

septal defect = 10; patent ductus arteriosus = 13) and Eisenmenger Syn-

drome. All had pulmonary hypertension (mean pulmonary arteiy pressure

= 88 ± 20 mm Hg). severe hypoxemia (PjO;) = 44 ± 5 mm Hg). and sec-

ondary erythrocytosis (hematocrit = 61.5 ± 7%). Exercise endurance (6-

min walk test = 380 + 88 m) was limited. In a random fashion. NOT was

given to one group of patients (n = 12) but withheld from a comparable
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group of control patients, and three in the treatment group died. Mean

survival estimates were simiUu' in both groups (20.7 versus 20.8 mo; X'

log-rank. 0.08: p = NS). Likewise, none of the hematology, exercise

capacity, and quality of life variables examined showed statistically sig-

nificant changes that were dependent on treatment regimen. We conclude

that NOT does not modify the natural history of patients with advanced

Eisenmenger Syndrome.

An Algorithm to Stratify Sleep Apnea Risk in a Sleep Disorders

Clinic Population—Gurubhagavatula I. Maislin G, Pack Al. Am J

Respir Crit Care Med 2001 Nov 15;164(10Pt 1 ):1904-1909.

Obstructive sleep apnea may lead to complications if not identified and

treated. Polysomnography is the diagnostic standard, but is often inacces-

sible due to bed shortages. A system that facilitates prioritization of

patients requiring sleep studies would thus be useful. We retrospectively

compared the accuracy of a two-stage risk-stratitkation algorithm for

sleep apnea using questionnaire plus nocturnal pulse oximetry against

using polysomnography to identify patients without apnea (Objective 1

)

and those with severe apnea (Objective 2). Patients were those referred to

a university-based sleep disorders clinic due to suspicion of sleep apnea.

Subjects completed a sleep apnea symptom questionnaire, and underwent

oximetry and two-night polysomnography. We used bootstrap methodol-

ogy to maximize sensitivity of our model for Objective 1 and specificity

for Objective 2. We calculated sensitivity, specificity, positive and nega-

tive predictive values, and rate of misclassification error of the two-stage

risk-stratification algorithm for each of our two objectives. The model

identified cases of sleep apnea with 95'^r sensitivity and severe apnea

with 91% specificity. It excluded only 89r of patients from sleep studies.

but prioritized up to 2i% of subjects to receive in-laboratory studies.

Among sleep disorders clinic referrals, a two-stage risk-stratification

algorithm using questionnaire and nocturnal pulse oximetry excluded few

patients from sleep studies, but identified a larger proportion of patients

who should receive early testing because of their likelihood of having

severe disease.

Role of Snoring and Daytime Sleepiness in Occupational Accidents—
Lindberg E. Carter N. Gislason T. Janson C. Am J Respir Crit Care Med
2001 Dec l:164(ll):2031-2035.

To establish whether snoring and excessive daytime sleepiness (EDS),

the main symptoms of obstructive sleep apnea syndrome, influence the

risk of occupational accidents a population-based, prospective study was

performed. In 1984. 2.874 men aged 30-64 answered questions on snor-

ing and EDS. Ten years later 2.009 (73.8^}^ of the sur\ivors) responded

to a follow-up questionnaire including work-related questions and

potential confounders. Information on occupational accidents during

1985-1994 was obtained from national register data. A total of 345 occu-

pational accidents were reported by 247 of the men (12.3%). Multivari-

ate analysis revealed that men who reported both snoring and EDS at

baseline were at an increased risk of occupational accidents during the

following lOyr. with an adjusted odds ratio of 2.2(9591 CI l.3-3.8)after

adjusting for age. body mass index, smoking, alcohol dependence, years

at work, blue-collar job. shift work, and exposure to noise, organic sol-

vents, exhaust fumes, and whole-body vibrations. However, no signifi-

cant increased risk was found for snorers without EDS or nonsnorers

with EDS. We conclude that sleepy, male snorers have an increased risk

of occupational accidents. The results indicate that eariy identification

and treatment of sleep-disordered breathing may reduce the number of

injuries at work.

Respiratory Effects of Relocating to Areas of Differing Air Pollution

Levels—Avol EL. Gaudennan WJ. Tan SM. London SJ. Peters JM. Am J

RespirCrit Care Med 2001 Dec 1;164( 1 1 ):2067-2072.
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We studied 1 10 children (59 boys and 51 girls, who were lOyrofage

at enrollment and 15 yr of age at follow-up) who had moved from

communities participating in a lO-yr prospective study of respiratory

health (The Children's Health Study [CHS]) to determine whether

changes in air quality caused by relocation were associated with

changes in annual lung function growth rates. The subjects were given

health questionnaires and underwent spirometry in their homes across

six western states, according to a protocol identical to evaluations per-

formed annually on the CHS cohort in school. Changes in annual

average exposure to particulate matter with a mean diameter of 10 urn

(PMio) were associated with differences in annual lung function

growth rates for FEVi. maximal midexpiratory flow, and peak expira-

tory flow rate. As a group, subjects who had moved to areas of lower

PM|o showed increased growth in lung function and subjects who

moved to communities with a higher PMm showed decreased growth

in lung function. A stronger trend was found for subjects who had

migrated at least 3 yr before the follow-up visit than for those who had

moved in the previous 1 to 2 yr. We conclude that changes in air pol-

lution exposure during adolescent growth years have a measurable

and potentially important effect on lung function growth and perfor-

mance.

Noninvasive Ventilator Triggering in Chronic Obstructive Pul-

monary Disease: A Test Lung Comparison—Stell IM. Paul G. Lee

KC. Ponte J. Moxham J. Am J Respir Crit Care Med 2001 Dec

l:164(ll):2092-2097.
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To be most effective, noninvasive ventilation (NIVl ventilators should syn-

chronize well v^'ith patients' breathing. However, the speed with which dif-

ferent ventilators can respond to the transitions between inspiration and

expiration may vary, and abnormal respiratory mechanics and mask leaks

may exacerbate this problem. This study explored synchronization using a

new test lung model designed to simulate acute exacerbations of chronic

obstructive pulmonary disease (COPD). Thirteen ventilators were tested

against different combinations of tidal volume (Vj), airways resistance

(Raw). FRC. and mask leak. These combinations ranged from those of a

severe exacerbation of COPD. to a mild condition reflecting the optimal

triggering conditions a ventilator is likely to encounter. The triggering

delays from the beginning and end of "inspiration" of the test lung, to the

appropriate responses from the ventilators were measured. Three of the ven-

tilators had trigger delays less than approximately 120 ms at both the begin-

ning and end of expiration under all conditions. Trigger delays of other ven-

tilators were mainly in the range of 1 20 to 300 ms. although exceptionally as

long as 500 ms. Varying the conditions had a variable but generally small

effect on triggering times, suggesting that there is a Uirgely unavoidable ele-

ment to the triggering delays intrinsic to the design of the ventilators.

An Interactive Computer-Animated System (Spirogame) Facilitates

Spirometry in Preschool Children—Vilozni D, Barker M, Jellouschek

H. Heimann G. Blau H. Am J Respir Crit Care Med 2001 Dec

15;164(12):2200-2205.

Although airway disease in preschool children is common, standard

spirometry is limited by the level of cooperation. We evaluated a com-

puter-animated system (SpiroGame) aimed at improving children's per-

formance in spirometry. SpiroGame includes a commercial pneumota-

chograph (ZANIOO; ZAN Messgeraete GmbH, Oberthulba. Germany)

and games teaching tidal breathing and all steps of an F'VC maneuver.

SpiroGame was compared with commercial flow-targeted candle-blow-

ing software (MasterLab. Jaeger. Germany), and with extrapolated pre-

dicted values. Of 1 12 children aged 3 to 6 yr. 10 refused spirometry and

102 proceeded to FVC games and were randomized to initially perform

either SpiroGame or candle-blowing. Training lasted 5 to 10 min for

SpiroGame and 3 to 7 min for candle-blowing. Acceptable spirometry

was performed by 69 of 102 children with SpiroGame and 48 of 102 with

candle-blowing (p = 0.005). Order did not affect success. Acceptable

FEV| maneuvers were achieved by 55 children with SpiroGame and two

children with candle-blowing. The intrasubject coefficient of variation

was 4.0% for F'VC and 3.3% for FEV| with SpiroGame. A premature

expiratory break occurred in 41 subjects with candle-blowing and in six

with SpiroGame. FEVd 5 could be measured with both systems. FVC and

maximal midexpiratory flow at 50% of FVC ( MMEF50) values were sim-

ilar, whereas peak expiratory flow was higher with candle-blowing. In 39

healthy children, most parameters with SpiroGame were similar to

extrapolated normal values. We conclude that an interactive computer-

animated system facilitates successful spirometry in preschool children.

Gender Influences Handwashing Rates in the Critical Care Unit—
van de Mortel T. Bourke R. McLoughlin J. Nonu M. Reis M. Am J Infect

Control 2001 Dec;29(6l:395-399.

BACKGROUND: Nurses tend to wash their hands more often than physi-

cians, and among nonhealth care workers, women tend to wash their hands

more often than men. This study examined the influence of gender on the

handwashing rates of health care workers (HCWs). The null hypotheses

were that there would be no intergender difference in (a) handwashing rates

in HCWs across professions and (b) within professional groups. METH-
ODS: Handwashing by nurses, physicians, wardspersons, x-ray techni-

cians, and physiotherapists after patient contact in a critical care unit (CCU)

was determined through covert obser\ation. The gender and profession of

the subjects were recorded, but their identity was not. RESULTS: Female

CCU staff washed their hands significantlv more often than did their male

counterparts after patient contact (p =0.0001 1. When the results were exam-

ined for the influence of profession on handwashing, significant intergen-

der differences remained for physicians (p =0.0468) and wardspersons (p

=0.0001). There was also a nonsignificant trend (p =0.07) toward higher

rates of handwashing among female x-ray technicians. There were no sta-

tistically significant intergender differences in handwashing rates among

nurses (p =0.7588) and physiotherapists. CONCLUSIONS: It appears that

gender may influence handwashing rates in HCWs in the CCU. although

this difference appears to be modified in particular professional groups.

Further research should examine factors that modify handwashing rates

within professional groups and in settings other than the CCU.

Peak Inspiratory Flow Rate and Slope of the Inhalation Profiles in

Dry Powder Inhalers—Breeders ME. Molema J. Vermue NA, Folger-

ingHT. Eur Respir J 2001 Nov;18(5):780-783.

Aerosol delivery depends on device design and inhalation technique. In vitro

device evaluations have shown that the emitted dose and flne particle mass

of dry powder inhalers (DPlsi increase at high peak inspiratory flow rates

(PIFR). Since the PIFR is mostly achieved after the release of the powder,

slope of the pressure profile is also described as an important determinant.

The aim of the present study was to assess whether the PIFR while using

Diskus it and Turbuhaler it inhalers could be used to predict the slope of the

inhalation pressure profile. In a group of 10 stable asthma patients and three

groups (mild, moderate and severe) of 16 chronic obstructive pulmonary

disea.se (COPD) patients, lung function was measured, and for each de\ ice.

18 inhalation profiles were recorded with the inhalation profile recorder dur-

ing six sessions over 10 weeks. The values for die pressure slope and PIFR

of both Diskus and Turbuhaler. were significantly correlated. The r-values

were 0.865 and 0.882, respectively (p<0.01 ). Percentage explained variance

was 74.8% for Diskus and 77.8% for Turbuhaler. Significant correlations

were found between peak inspiratory flow rates and slopes. It has been

shown for two different dry powder inhalers that peak inspiratory flow rate

and slope correlate well in a wide range of patient groups.

Does Parental Disapproval of Smoking Prevent Adolescents from

Becoming Established Smokers?—Sargent JD. Dalton M. Pediatrics

2001 Dec;108(6):1256-1262.

OBJECTIVE: To evaluate the hypothesis that adolescents are less likely to

smoke if their parents voice strong disapproval of smoking. DESIGN

AND SETTING: Three-wave school-based cohort study of rural Vermont

adolescents attending 3 K-12 schools. 'We evaluate cross-sectional and

longitudinal associations between perceived parental disapproval of smok-

ing and the adoption of smoking behavior. OUTCOME MEASL'RES:

Students' perceptions of their parents' reaction to their own smoking was

ascertained by asking the following question for mothers and fathers:

"How do you think your mother (father) would react if you were smoking

cigarettes and she (he) knew about it?" A response of "S/he would tell me

to stop and be very upset" was considered to indicate strong parental dis-

approval. Outcome measures include a 6-level smoking index for cross-

sectional analyses and. for a longitudinal analysis of 372 never smokers at

baseline, being an established smoker (smoked > 100 cigarettes lifetime

and within the past 30 days! by survey 3. RESULTS: The study samples

for the cross-sectional analyses were 662 (baseline), 758 (year 2), and 730

(year 3). Students were equally distributed across grade (4th-l 1th grades)

and gender. At baseline, most (65.9%) adolescents percei\'ed both parents

as disapproving of smoking, with 1 10 (16.6) perceiving 1 parent as disap-

proving, and 1 16 (17.5%) perceiving neither parent as disapproving. Per-

ceived disapproval of smoking was inversely associated with adolescent

smoking, grade in school, parental and sibling smoking, friend smoking,

and ownership of tobacco promotional items. After controlling for con-

founding influences, adolescents who perceived strong parental disap-

proval of their smoking were less than half as likely to have higher smok-

ing index levels compared with those who did not perceive strong parental
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disapproval. In the longiludinal sample of baseline never smokers,

those who perceived strong disapproval in both parents al baseline

were less than half as likely to become established smokers (adjiisied

odds ratio 0.4 |0. 1, l.Oj). Those who perceived their parents hecoiiiinf;

more lenient over time were significantly more likely to progress to

established smokers. In all analyses, the effect of parental disapproval

of smoking was stronger and more robust than the effect of parent

smoking. In addition, the effect of parent disapproval was as strong

for parents who smoked as it was for nonsmoking parents. An interac-

tion analysis suggests that the peer smoking effect is attenuated when

both parents strongly disapprove of smoking, suggesting that parent

disapproval makes adolescents more resistant to the intluence of peer

smoking. CONCLUSIONS: These findings contrast with the

widespread notion that there is little parents can do to prevent their

adolescents frotn becoming smokers. Instead, adolescents who per-

ceive that both parents would respond negatively and be upset by their

smoking are less likely to smoke. Interventions that enhance parental

self-efficacy in conveying and enforcing no-stiioking policies for their

children could reduce adolescent smoking.

Cardiorespiratory Events in Preterm Infants Referred for Apnea

Monitoring Studies—Di Fiore JM. Arko MK, Miller MJ. Kraiiss A.

Betkerur A, Zadell A. et al. Pediatrics 2001 Dec; 108(6): 1.^04-1308.

BACKGROUND: Episodes of apnea, desaturation, and bradycardia

are common in preterm infants. Such infants who have persistent car-

diorespiratory events detected by clinical bedside monitoring often

are referred for overnight apnea monitoring studies. OBJECTIVE: To

characterize apnea, bradycardia, and desaturation events in infants

referred for an overnight apnea monitoring study and compare them

with corresponding events in control infants of similar age and weight

with no bedside monitor alarms. METHODS: Twelve-hour bedside

apnea monitoring studies were performed on 68 preterm infants

before hospital discharge. This population included 35 infants who

were referred by their attending physicians because of persistent bed-

side monitor alarms (referral group) and 33 infants who had no docu-

mented cardiorespiratory events for at least 2 days before the study

(control group). Each study monitored respiration via respiratory

inductance plethysmography, oxygen saturation (SaO:l- and heart rate.

Events were defined as meeting 1 of the following criteria: apnea > 20

seconds, bradycardia < 80 beats per minute, or SaO: - SO^r.

RESULTS: The incidence of apnea > 20 seconds was low. with no

significant difference between infant groups. Referral infants exhib-

ited a higher occurrence of desaturation episodes (20 ± 6 vs 6 ± 3

episodes/I 2-hour study) and a higher occurrence of bradycardia

episodes (4.3 ±0.8 vs 1.1 ± 0.3 episodes/I 2-hour study) than controls.

These episodes of desaturation and bradycardia were always preceded

by a respiratory pause, which was shorter in the referral infants (10.0

± 0.4 seconds vs 12.0 ± 1.0 seconds). Baseline SaO; was lower in

referrals than controls (95 ± \% vs 98 ± 1%). and the incidence of

periodic breathing was significantly higher. CONCLUSIONS: Infants

referred for apnea monitoring studies because of persistent bedside

monitor alarms have very infrequent prolonged apnea but a higher fre-

quency of desaturation and bradycardia in response to short respira-

tory pauses than infants without persistent bedside monitor alarms.

Referral infants also exhibit a lower baseline SaO:- These abnormali-

ties in oxygenation and cardiorespiratory control may be markers for

subtle residual lung disease or functional central nervous system

abnormalities.
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Editorials

The Respiratory Care Journal Conferences:

20 Years of Excellence and Innovation

Appearing in tiiis and next ini)nth"s issues of Respira-

tory Care are tiie proceedings of a state-of-tiie-ail con-

ference on invasive mechanical ventilation in adults, con-

vened last fall on the Journal "s behalf by the American

Respiratory Care Foundation (ARCF). Publication of this

29th set of conference-based special issues marks the be-

ginning of a third decade of a unique and most successful

undertaking. In this editorial 1 review the genesis and pur-

pose of the Respiratory Care Journal conferences, de-

scribe the scope of their contents and the diversity of the

participants they have brought together, and touch on some

of the highlights of the series as they have appeared in

these pages.

Evolution of the State-of-the-Art Conference Format

Most of the Journal conferences held between the fall of

1981 and the spring of 2001 were "state-of-the-art" con-

ferences, like the one whose proceedings begin in this

issue. The 23 previous conferences generated 42 special

issues (Table 1 ). with 322 individual papers and 22 con-

ference summaries— 4.0.'i3 pages in all. including intro-

ductions and discussions—and comprise a substantial and

most ambitious collective document.'--' With only a few

exceptions, these state-of-the-art conferences have all fol-

lowed the same format in planning, presentation, and pub-

lication. A carefully selected multidisciplinary group of 12

to 16 speaker-authors, along with the Journal's editors and

staff, convene at some pleasant location for 2 days of

formal presentations on the salient aspects of the topic

under consideration. The discussions following each pre-

sentation are recorded. There is no audience, and for most

conferences only about 20 individuals are involved. On the

morning of the third day a designated summarizer presents

a distillation and interpretation of the material covered at

the conference, and the group is adjourned. Each speaker

provides a manuscript on his or her assigned topic, the

summarizer elaborates in writing on what was presented

on the final morning, and all the discussions are tran-

scribed and edited. Together they are published as 2 con-

secutive issues of Respiratory Care.

This formula has proven both successful and durable. It

was derived by the Editorial Board after an initial explor-

atory symposium with a somewhat different format, tested

in its present form at a second conference, and then fine-

tuned with some minor changes the following year. Little

has changed in the 17 years since that time with respect to

how the conferences are conceived, planned, and held, or

how the published documents are generated.

In 1981, concerned by a prevailing atmosphere of un-

questioning enthusiasm for the new in respiratory therapy,

often without overt concern for adverse effects, the Edi-

torial Board decided to put on a one-day symposium de-

voted just to complications. Jointly sponsored with the

American College of Chest Physicians, this symposium

was held in San Francisco in conjunction with the Col-

lege's annual fall meeting. Its topics were selected for their

practical importance to clinicians, and the 8 speakers were

asked to prepare state-of-the art review articles on their

topics for publication in Respiratory Care. I chaired the

conference and served as guest editor for the subsequent

special issue of the Journal.' The enthusiastic reception of

this issue convinced the Editorial Board that it should try

the process again, but we decided to make it less formal

and more interactive. Rather than holding another syiiipo-

siiiiii (a series of lectures presented by experts before an

audience) the Journal decided to change to the format of a

conference: that is. presentations by experts to a small

group of other experts, with interactive discussion involv-

ing everyone present.-""

Publication of the proceedings of the Sugarloaf Confer-

ence on respiratory therapy in 1974-'^ had had an enormous

impact on the field. That conference, convened by the

National Institutes of Health, took a hard look at the re-

spiratory therapy modalities used in treating ambulatory

patients. It concluded that there was little evidence to sup-

port the then-widespread use of intermittent positive-pres-

sure breathing treatments and several other mainstays of

the profession. A second conference examining respiratory

therapy in hospitalized patients came to similar conclu-

sions.-'' In the light of those generally disappointing re-

ports about the state of the science in its field at that time,

the Journal's Editorial Board decided to hold its own

Sugarloaf-type conference, this one focusing on modalities

used in the intensive care unit, to round out the profes-

sion's sites of practice and— it hoped—to come to a some-

what more positive verdict. This third conference turned

out to have a different format from the 2 "Sugarloaf
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Table L Rksi'IRatory Care Journal's Slate-ot'-the-Art Conferences: Topics and Publication Dates During the First 20 Years

Conference

Number
Topic Publication Dale Reference

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Complications of Respiratory Therapy

The Management of Acute Respiratory Failure

Perioperative Respiratory Care

Monitoring of Criticalls 111 Patients

Neonatal Respiratory Care

Mechanical Ventilation

Positive End-Expiratory Pressure

Pulmonary Function Testing

Noninvasive Monitoring in Respiratory Care

Respiratory Care of Infants and Children

Emergency Respiratory Care

Oxygenation in the Critically 111 Patient

Controversies in Home Respiratory Care

Resuscitation in Acute Care Hospitals

Mechanical Ventilation: Ventilatory Techniques, Pharmacology.

and Patient Management Strategies

Emerging Health Care Delivery Models and Respiratory Care

Sleep-Disordered Breathing

Inhaled Nitric Oxide

Artificial Airways

Long-Term Oxygen Therapy

Palliative Respiratory Care

Tracheal Gas Insuftlatiun

Evidence-Based Medicine in Respiratory Care

April 1982
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base has been summarized, the speaker is to interpret it

from a chnical perspective, say how it jibes with his or her

own personal experience, and predict what is likely to

happen as miire evidence and experience accumulate. The

written \ersion of each speaker's talk is expected to con-

tain the same material and to be from the same perspective

as presented at the conference. More data and discussion

can be included, but the approach, attitude, and conclu-

sions are to be the same.

Speakers and Authors

Respiratory care is both a profession and a subject area

within health care.-'''-"' Its multidisciplinary nature is one

of its strengths. The Editorial Board's mix of respiratory

therapists, physicians, and others reflects this diversity,

and over the years so has the list of participants in its

conferences. Speaker-authors are invited either because

they possess recognized expertise on the specific topic or

have a reputation for critical thinking and the ability to

both speak and write well. Conscious attempts are made to

achieve diversity in the participants" credentials, jobs, gen-

ders, and geographical locations. Because the overall at-

mosphere of the conferences is so important and interac-

tions during the discussion sessions so central to their

success, we try to avoid people whose views are extreme,

who have chips on their shoulders, or are not good team

players. During the first 20 years, 198 (63%) of the state-

of-the-art conference presentations were given by physi-

cians, 99 (32%) by respiratory therapists, 7 by PhD phys-

iologists or bioengineers, 5 by nurses, and 1 each by a

social worker, a law professor, and a speech-language pa-

thologist. Most of these faculty members have come from

the United States, but there have also been speakers from

Canada, France, Germany. Poland, Spain. Sweden, and the

United Kingdom.

On 4 occasions during the first 20 years, a sudden ill-

ness or other emergency has prevented a speaker from

attending. In all but one of those instances, the absent

speaker's paper has been read at the conference in its

proper sequence and followed by discussion, and in all

cases the published proceedings have included the paper

as planned. There have been 2 occasions on which a pre-

senter at the conference did not subsequently come through

with an acceptable manuscript, but publication of 322 out

of 324 intended papers in 42 special issues is really quite

an accomplishment.

With only one exception (for a conference on an area of

expertise not represented in its membership at that time).^

at least one of the co-chairs has always been a member of

the Editorial Board and a previous conference participant.

We consider the conference format to be vital and try to

assure that there is a critical mass of experienced partici-

pants at each one so that the intended structure, flow, and

chemistry of the proceedings can be maintained. This has

in fact turned out to be the case for every conference to

date.

Sponsorship and Support

The ARCF Board of Trustees has consistently and en-

thusiastically supported the conferences, and has taken on

the considerable task of raising the money to put on and

publish most of them. Respiratory care is a field heavily

involved with devices, apparatus, and pharmaceutical

agents, and by its nature has a special and necessary rela-

tionship with industry. ""' Without the continuing support of

its numerous corporate sponsors the ARCF would not be

able to continue to underwrite the Journal's conferences

and special issues. A number of manufacturers have been

both generous and consistent in their financial support of

the Journal conferences. For all but one of the conferences

for which contributions to the ARCF have been solicited,

several companies have participated jointly. In every case

the conference topic has been decided upon and all speak-

ers selected prior to approaching any potential sponsors.

None of the Respiratory Care Journal conferences, and

none of the special issues derived from them, would have

been possible without the inspiration, dedication, and stead-

fast support of Ray Masferrer, AARC Associate Executive

Director and Managing Editor of the Journal throughout

the lifetime of the series. Both he and Executive Director

Sam Giordano have been present at every conference and

have gone to considerable lengths to ensure its success.

They have enabled the Editorial Board to convene the

conferences it felt were important to the Journal's readers

and to the respiratory care profession, regardless of their

potential appeal to sponsors, and have seen to it that the

participants could concentrate on the subject at hand with-

out distraction by other concerns.

The Discussions: Where the Action Is

The speakers and discussants at the Journal's confer-

ences sit around a U-shaped table w ith a projection screen

and podium at its open end. Each presentation is limited to

30 minutes duration. Speakers always used slides until the

last several years, and now nearly everyone presents di-

rectly from a laptop computer. Fifteen minutes after each

talk is budgeted for discussion, although when the topic is

important, the presentation is provocative, and the chem-

istry in the room is right, these periods can be twice that

long. All comments are recorded, although in the heat of

interaction it can become a challenge to capture everything

with the microphones and identify all the speakers. It be-

came obvious the very first time we built discussions into

a conference agenda that these were of major importance

to the project as a whole. It quickly became an expectation
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that every conference paiticipanl be piesent thri)ughout

all the sessions in order to be insoKed in the discussion

sessions.

In his foreword to tlie proceedings ol the Journal' s third

conference, then editor Philip Kittredge wrote the follow-

ing about the role and unii.|ue \alue of these discussions:--*

Although much of the "scientific" literature is con-

strained by fairly rigid rules about elaboration of

data, replication of results, and statistical analysis, it

remains true that the young science of medicine

largely lacks unifying theories and scientific agree-

ment. Too many parts of the puzzle have not yet

been found. Therefore, particularly in the context of

the iii'plii'il science to which this journal is devoted

for the most part, so-called anecdotal information

remains important. What Dr X's group has noticed,

even though it remains unexplained, may be useful

for Dr Y"s group to know about. At the very least

the anecdotal observation may point the way to a

promising direction in which a guess can lead to

scientific observation. When we have to play

hunches, the more informed those hunches are, the

better. What the conferees at Canciin and at Vail

said to each other, and now tell our readers, in-

cludes a fair amount of personal experience and

speculation, untried by rigid scientific experiment.

It is interesting, and some of it may turn out to be

most useful.-'*

The Journal publishes these discussions verbatim, ex-

cept for some occasional grammatical cleanup and inser-

tion of references to cited studies, immediately following

each paper and clearly designated for what they are: ques-

tions, comments, and opinions, but not necessarily sci-

ence. The constraints of objectivity and the scientific

method iirnit what authors can say in their papers, but

these constraints seem to apply less during the discussion

periods. Consequently, the conferees are sometimes quite

uninhibited in expressing their views or disagreeing with

each other. Sometimes the interchanges are fairly spicy,

and they can be entertaining. More importantly, they fre-

quently reveal to the reader how the expert clinicians sit-

ting around the table personally view the material being

presented, and how they actually manage their own pa-

tients. Someone will pin a speaker down about the data

supporting something just presented, or call for a show of

hands indicating how many of the participants actually use

the technique or approach they are discussing.

Here is an example from the conference on periopera-

tive respiratory care:"*

[Dr X]: Dr Y. you made the statement, "if you treat

the atelectasis the effusion goes away." I wonder if

you would like to tell us what evidence you have?

Does clearing of atelectasis facilitate drainage of

cflusion. or docs draining of etfusion lacililale ex-

pansion ol atelectasis?

|Dr Yj: I do nol have any direct e\ idcncc for that.

[Dr X]: You also indicated that one mechanism for

the pleural effusion is that the diaphragm is con-

tused. I wonder if you'd tell us what c\ ideiice yi>Li

have for that?

[Dr Y]: I also do not have any direct evidence for

that. When we discovered all the pleural effusions

postoperatively, we had to conic up \\ ith some ex-

planation for them.

|Dr X|; I don't think you needed to.

[Dr Y): What is your explanation for the pleural

effusion that occurs in the immediate postoperative

period?

[Dr X): 1 don't have an explanation, but that's often

a good place to leave an unexplained phenomenon.

There are some intriguing and important phenom-

ena in the diaphragni-pleural interactions that we

don't understand, and if we now label them, we may

discourage others from exploring questions. 'f
'^'''

These comments by 2 participants during a discussion

of postoperative acute respiratory distress syndrome, also

at the 1983 conference, illustrate the spirit of skepticism

that tends to prevail during these discussions, and also

have a fatniliar ring to us 18 years later:

1 liked your comments about the rotating bed.

We've seen these beds clone themselves all through

our hospital, too. and we haven't been able to find

any data supporting their use. I'm wondering if any-

body else assembled here has even the clinical im-

pression that they do any good, specifically for the

kinds of patients that have diffuse lung disease.

Maybe what we need is to change the gears, so that

they go all the way over to the prone position in-

stead of stopping at 60 degrees, 'f *'^'

Although we seldom get them, for technical rea-

sons, lateral chest x-rays can be very revealing in

ARDS. What we generally assume to be diffuse,

homogeneous lung disease can often be shov\'n on

the lateral to be concentrated mainly posteriorly,

that is. at the lung bases, since patients are usually

managed supine or in a slightly head-up position. It

would make a lot of sense that reversing their po-

sition to prone would improve gas exchange by

sending the blood flow to relatively less-involved

areas—at least until the edema fiuid managed to

percolate down again and restore the previous

situation. ^i'-"'-
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Except for the 2 single-day conferences,'-- every state-

of-the-art conference has inckided such discussions, whose

published versions have run from 23 to 53 pages per con-

ference with an average of 35. Over the years. Editorial

Board members have been told repeatedly by colleagues

that they always turn to the discussions first when a new

conference issue arrives, to get right to the action.

The Conference Summary

Each state-of-the-ail Journal conference ends with a sum-

mary presentation by a faculty member invited specifically

for that purpose. These individuals are well-known author-

ities on the general subject of the conference, or some-

times respected investigators or teachers in a related field

who have the ability to think broadly about the subject and

interpret it in the context of both the conference and their

own experience. The summarizer has the least work to do

in preparation for the conference but the most during the

meeting itself, taking copious notes and asking clarifying

questions throughout the 2 days of prepared presentations.

Then, while the rest of the speakers spend the evening of

the second day unwinding and enjoying the locale, the

summarizer usually stays up late sorting notes and putting

together a coherent and presumably insightful presentation

for the group the following morning.

While the rest of the conference presentations are carefully

structured in order to address the desired points and stay on

track, the summaiizer is given free reign in preparing that

presentation and subsequent manuscript. Most have put their

summaries together as compressed versions of the confer-

ences themselves, stating the main messages of each presen-

tation in turn along with a variable amount of editorializing.

Some have reorganized what was presented at the conference

into a free-standing commentary on the topic's state of the ait

and where it is likely to go in the future. A few have done

both, and at least one has offered a highly personal interpre-

tation of the conference topic that was only vaguely tied to

any of the actual presentations.-' Summaiies have been any-

where from 2-15 pages long, and I am pleased to say that all

of them have succeeded. Nearly all have emphasized the

incomplete nature of the available data, urged caution in ev-

eryday application, and called for further research. Some have

been extraordinarily creative. One even featured two original

poems composed on site during the conference, one of which

ends with a stanza that nicely summarizes the puipose of all

the conferences:

So stay in the critic's mode.

Fight data overload.

Reject excess numbers that mm \our brain numh.

Look for true meaning.

And perhaps we'll be gleaning

A glimpse of more meaningful data to come."

Being asked to summarize a Journal conference is an

honor and a challenge. Having done it (twice), 1 can testify

to the adrenalin rush that comes with attempting to syn-

thesize more than 12 hours of high-powered lectures and

comments into a coherent presentation of 30 or 45 minutes

that both captures the essence of the conference and is also

original and instructive. Laptop computers and PowerPoint

have ceilainly made this phase of the conference process

easier, but the summarizer's task is still a daunting one.

The Venue: Why Canciin?

In planning the first full-fledged state-of-the-art confer-

ence, the Journal's Editorial Board made it top priority to

get the very best, most well-known experts in managing

acute respiratory failure as participants. The planners re-

alized that most of the speakers would be senior academic

physicians, people with already busy travel schedules and

many invitations to speak around the country. We also

realized that the AARC (then the AART) and Respiratory

Care Journal were not the National Institutes of Health or

the American Review of Respiraton- Disease, and a main

goal was to increase our visibility among the leaders in

pulmonary luedicine and intensive care. We decided that

having the conference in an exotic location would help to

entice the people on the "first choice" list to participate.

Canciin was not yet the familiar holiday destination that it

is today, and the strategy worked: everyone we asked agreed

to come.

Despite the fact that a tropical storm of barely sub-

hurricane force swept the area while the conference was

being held, forcing the group to move twice because of

flooded meeting rooms, the invited speakers liked the venue

and the conference was a definite success. The original

strategy of taking a hand-picked group of invitees to an

exciting place for an equally exciting scholarly activity has

been used ever since. Two-thirds of the full state-of-the-art

conferences to date have been held in Mexico, and most of

the others have taken place in resort-type locations.

Publication of the Conference Proceedings

From initial concept to publication of proceedings takes

about 2 years. Presenters are asked to bring copies of their

completed manuscripts to the conference, although not all

do. The final products, as published, vary in length from

just a few pages to nearly 30, and range in comprehen-

siveness from cursory summaries to in-depth reviews of

every aspect of the topic, some citing more than 300 ref-

erences. The discussion recordings are transcribed and sent

to all participants for editing. In most cases the special

issues containing the papers, discussions, and conference

summary are delivered to the Journal's readers 4 or 6

inonths after the conference itself.
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Table 2. Ten Respiratory Care Journal Conference Reports That Have Been Llniqiie In Content or Focus, or Were the First Discussions of Their

Topics That Were Readily Accessible to Clinicians

Tyler ML. Complications of positioning

and chest physiotherapy. Respir Care

IW2;27(4):458-466.

Tobin MJ. Suffredini AF. Grenvik A.

Short-term effects of smoking

cessation. Respir Care mS4:2')(6):

641-649.

Hudson LD. Design of the mtensise

care unit from a monitoring point of

view. Respir Care 19S5;3()(7):549-

.';-'56.

Hudson LD. Positive end-e\piratory

pressure: reduction and withdrawal.

Respir Care 1988;.V^|7l:613-6l7.

Branson RD. InU"ahospiial transport of

critically ill. mechanically ventilated

patients. Respir Care l992;-^7(7):775-

793.

Gilniartin M. Transition from the

intensive care unit to home: patient

selection and discharge planning.

Respir Care l994;39(5);456-477.

Jaeger JM, Durbin CG Jr. Special

purpose endotracheal tubes. Respir

Care 1999;44(6):661-683.

Bendilt JO. Adverse effects of low-tlow

oxygen therapy. Respir Care 2000;

45(1):54-6I.

Rubenfeld GD. Withdrawing life-

sustaining treatment in the intensive

care unit. Respir Care 200().4.'i( 1 1 ):

1399-1407.

Hess DR. The evidence for secretion

clearance techniques. Respir Care

200 1:46(1 1): 1276-93.

This article was the first to review the adverse physiological effects and clinical complications,

both potential and reported, of chest percussion and postural drainage, the use of which was

greatly increasing in the wake of the negative image of intermittent positive-pressure breathing

treatments that followed the Sugarloaf Conference.*

Although the beneficial long-term effects of smoking cessation on the progression of chronic

obstructive pulmonary dlsea.se and the incidence of lung cancer had become well known,

almost nothing had been published on the effects of smoking cessation In the inilial days and

weeks. This article reviewed both theoretical antl practical aspects of smoking cessation as

applied to the prevention of postoperative respiraUiry complications.

Both theoretically and in practical terms, this article addressed such seldom-discussed issues as

which hospitals should have intensive care units (ICUs). which patients are best served by

being in an ICU, and how an ICU should be set up from the standpoints of location, space

requirements, and the needs of patients and caregivers, giving special attention to patient

monitoring.

How positive end-expiratory pressure should be adjusted and its effects assessed in the milial

management of acute respiratory failure had been the subject of numerous studies and reviews,

but before this article was published there was essentially nothing dealing with how positive

end-expiratory pressure should be weaned once Improvement had occurred.

Transporting critically ill patients receiving ventilatory support to other parts of the hospital from

the ICU is now known to be fraught with risks and complications, but when this article was

published the nature of these hazards and how to avoid them had received almost no attention

in the literature.

Prior to the introduction of financial incentives for accepting patients on ventilators. It was

exceedingly difficult to place such patients outside the ICU of an acute care hospital. This

article discussed the prerequisites and procedures for successfully moving selected patients from

ICU to home care.

Clinicians working outside the operating room tend to have little knowledge of double-lumen

endotracheal tubes and other specialized airways, and this topic has received little coverage in

the respiratory care literature despite the occasional use of such devices in the ICU.

This article comprehensively reviewed the various potential complications of oxygen therapy as

used in the home, a topic seldom addressed elsewhere in prim, including possible oxygen

toxicity, effects on respiratory drive, the risk of fire, and other physical dangers.

Despite many publications on advance directives and ethical aspects of withdrawing life support

in critically ill patients, prior to this article there were virtually nothing providing the clinician

with practical guidance on how to prepare for and actually carry out such withdrawal In the

most humane and least stressful manner.

Although there had been previous literature reviews on chest physical therapy and the various

techniques and devices available for facilitating secretion clearance, none had rigorously

examined available studies with respect to design and results using currently accepted standards

for judging evidence. Such an examination revealed almost no scientific support for the use of

any of the studied techniques.

•Pierce AK. Sallzman ttA. eds. Conference on the scientific basis of respiratory therapy. Am Rev Respir Dis 1974;! IOlsuppl):l-204.

What the State-ol-the-Art Conferences

Have AcconipHshed

The field of respiratory care and the respiratory care

profession are different today because of the Journal con-

ferences. Many of the articles so generated have become

core material for courses at respiratory therapy schools

and incorporated into syllabi for hospital departments and

medical schools. Several have been reprinted or adapted as

chapters in major textbooks. In 1986. the AARC and its

publishing subsidiary, Daedalus Enterprises Inc. reissued

36 of the articles from the first 4 conferences, together

with 3 other reviews the Journal had published, in a mono-

graph.'- in order to make the material more widely avail-

able in the days before Respiratory Care was in Index

Meclicus. Despite the Journal's not being indexed until the

year 2000. the conference papers have been cited hundreds

of times by papers in indexed publications, as a citation

search in the Science Citation Index will confirm.

Conference-generated articles have documented itnpor-

tant aspects of the history of respiratory care.^'^-'" and

some of them have become classics on their subjects. Just

2 examples of the latter are Stauffer and Silvestri's ex-

haustive review of the complications of intubation and
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artificial airways from 1982, '"which was updated in 1999,''°

and Stoller's compendium of helpful information on travel

for patients dependent on supplemental oxygen and other

respiratory care technology, published in 1994-*' and re-

visited for long-term oxygen therapy in 2000.^- From many

possible examples, 1 have selected 10 articles from state-

of-the-art special issues that nicely illustrate the high qual-

ity of the conference papers, and also their practical focus,

creativity, and uniqueness (Table 2).-'-''-^2

position beforehand, and after presentations on different

aspects of the topic the conferees create a draft of the final

consensus statement while still at the conference. That

document is subsequently revised and circulated among all

participants, sometimes several times, until approved for

publication. Discussions following the individual papers

are not recorded and there are no conference summaries.

Why These Conferences Are Important

The Journal's Consensus Conferences

This editorial has focused on the state-of-the-art confer-

ences, but would be remiss if it did not include some

mention of the Journal's "other" conference series, its 5

consensus conferences (Table 3).^'"''^ Although there have

been fewer of them, these conferences have been at least

as influential as their state-of-the-art counterparts. The is-

sue generated from the first one,-^' long since out of print,

is the most requested single issue the Journal has ever

published.

The consensus conferences have been convened by the

ARCF to clarify and provide authoritative synthesis on

specific areas of respiratory care practice that are contro-

versial or otherwise problematic for the practitioner. Each

of them has been planned by a specially designated com-

mittee chaired by Neil Maclntyre. and has been chaired or

co-chaired by him. The topics have been different aspects

of aerosol therapy and mechanical ventilation. Twenty-

nine first-time Journal conference participants and a num-

ber of previous speakers have composed the faculties. The

papers and consensus statements in the issues comprising the

proceedings of these conferences amount to some 600 pages

of the Journal.

The format for the consensus conferences is different

from that of the state-of-the-art conferences. The intent is

not to survey the topic, appraise the quality of the evidence

supporting it, and provide practical guidance to the clini-

cian. Instead, these conferences seek as much consensus as

can comfortably be achieved among the assembled experts

and generate a specific document representing that con-

sensus. A writing committee prepares an outline of the

main issues and sometimes a draft of a possible consensus

A central issue that has run through all 28 of the Journal

conferences in the first 20 years of the series was brought

up in the introduction to the very first one:

In a field marked by a burgeoning assortment of

new apparatus and techniques, too much attention

has been devoted to technical description and initial

clinical experience and not enough to the sober as-

sessment of complications. New procedures are of-

ten put into wide use before their hazards have been

documented or even studied.-'''*

One of the main purposes of these conferences has been

to reconcile the entrepreneurism and urge to try new things

that are inherent in respiratory care with the requirements

and safeguards of the scientific method, and also with the

need for safeguarding patients from harm or less-than-

optimal outcomes. The Journal has tried to keep to the

high road when parochial and commercial interests have

intersected with the goals of patient care, its articles seek-

ing objectivity in documenting the state of the art. even as

its discussions revealed the uncertainty and contentious-

ness of many of the topics encountered along the way.

These conference proceedings have documented the evo-

lution and increasing maturity of an important area of

medicine, and at the same time tracked the steady evolu-

tion of a profession during these last 2 decades. Although

it was not intentional, it nonetheless seems particularly

appropriate that the 20-year point in this evolution was

marked by a conference on evidence-based medicine. ^^

The bar has been raised, and will likely be raised again,

repeatedly, in the years to come. Respiratory Care will be

there to document the process for its readers, through its

Table 3. Respiratory Care Journal's Consensus Conferences: Topics and Publication Dates During the First 20 Years

Conference

Number
Topic Publication Date
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state-of-thc-arl and consensus conferences and

issues they generate.
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Foreword

Invasive Mechanical Ventilation in Adults:

Implementation, Management, Weaning, & Follow-Up

Mechanical \ciitilatiori is ubiquitous to intensive care

units around the world. In tact, it could be argued that

intensive care units are simply the structures in which

mechanical ventilation is practiced. The past decade has

wrought a full-scale reevaluation of mechanical ventila-

tion, from indications and management goals {o ventilation

parameter selection and discontinuation. Clearly these

changes represent our improved understanding of the patho-

physiology of respiratory failure and the application of

know ledge gained from recent clinical trials. In an effort to

keep pace with these changes, the American Respiratory

Care Foundation convened this conference on invasive

mechanical ventilation and Respiratory Care journal ded-

icates this and the following issue to the proceedings.

From 1980 to 1990 perhaps the greatest changes in me-

chanical ventilation were the ventilators. Microprocessor

control allowed a wide array of breath types and breath

delivery techniques. Ventilators became more sophisticated

and more flexible, but also more complex and more costly.

During that time the ventilator technique that produced the

best blood gas values or improved some physiologic end

point was clearly judged as "better."'-' In the last decade

that idea has been placed aside and patient outcomes have

become paramount. Just a simple list of the changes in

mechanical ventilation spurred by research in the past 10

years is daunting.

• Noninvasive ventilation has become the first-line treat-

ment for acute exacerbations of chronic obstructive pul-

monary disease.'*'

•Selection of tidal volume (Vj) during acute lung in-

jury and acute respiratory distress syndrome (ARDS) is

now based on patient height and calculated ideal body

weight, and the new standard for Vj is 6 mL/kg (range

4-8 mL/kg).-^

• Positive end-expiratory pressure (PEEP) is no longer

just for oxygenation. Mechanical properties of the respi-

ratory system and preventing ventilator-induced lung in-

jury are the new PEEP objectives.^ **

• Normal blood gases are for normal subjects. The goal

of mechanical ventilation is no longer normal physiologic

values. As with PEEP and V-j-, preventing lung injury is

now the objective: Paco,- fao,- ^^'^ pH '"'^ much less im-

portant. Nowhere is that more evident than in the ARDS
Network trail, in which larger Vj was associated with

much better oxygenation on days 1-3, but with much worse

outcome.""

• Weaning from mechanical ventilation, it turns out. may

be something clinicians desire but that patients don't need.

New and expanding evidence suggests that when patients

are ready to come off the ventilator, they will. Any amount

of dial-twisting in the interim is an exercise in futility.

How do we know when the patient is ready? Daily spon-

taneous breathing trials appears to be the answer.'"'-

Those facts alone made this conference a necessity in an

attempt to bring these changes to the forefront and to the

attention of respiratory therapists everywhere.

The topics were chosen based on new research findings,

and speakers were chosen to provide a broad and balanced

view of the literature. David Pierson revisits the criteria for

mechanical ventilation. As best we can tell, these have not

changed in any textbook since the first edition of Egan."

This topic now includes when to ventilate with a mask,

when to ventilate with an artificial airway, and when not

to ventilate at all. Selection of initial ventilation parame-

ters is covered in 3 papers. Topics include how to choose

Vy and respiratory rate (Neil Maclntyre), how to select

the PEEP and fraction of inspired oxygen (LIuis Blanch),

and whether to use a volume or pressure breath (Robert

Campbell).

Turning to a more controversial topic, Ralf Kuhlen dis-

cusses the role of spontaneous breathing during ventilatory

support and recent evidence supporting the use of sponta-

neous breathing.

Three conference papers evaluate topics to satisfy those

looking for the cutting edge therapy. These include an

evaluation of recruitment maneuvers (Dean Hess), a rapid-

fire review of a host of ventilatory adjuncts (Robert Kac-

marek), and an update on closed-loop ventilator modes

(Richard Branson).

The remaining papers turn toward patient outcomes and

weaning. William Hurford re\ lews the reasons for, mon-

itoring of, and impact of pharmacologic sedation and pa-

ralysis on tolerance of mechanical ventilation and wean-

ing. Weaning and extubation are expertly and succinctly

reviewed by Scott Epstein. These topics could easily be

the subject of an entire Journal conference. Dr Epstein

summarizes the salient points and provides recommenda-

tions for appropriate weaning protocols. The relationship
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of tracheostomy to weaning is demystified by Ciiarles

Durbin. and myths regarding dead space and laminar flow

are put to rest. The final paper attempts to put the confer-

ence into a human perspective. Randall Curtis evaluates

the ultimate success of the therapy and techniques dis-

cussed in the rest of the conference by reviewing outcomes

and patient quality of life after mechanical ventilation.

The emphasis of this conference is on adult patients and

the use of mechanical \ entilation via artificial airway. We
apologize to our pediatric and neonatal colleagues in ad-

vance. However, we believe that these 2 issues of Respi-

ratory Care represent the current state of the art on these

topics and we hope that the information will be helpful to

readers searching for answers. We are grateful to Respi-

rator'. Care journal and the .American Respiratory Care

Foundation for sponsoring this conference and look for-

ward to the next decade of advances in mechanical \enti-

lation.

Richard D Branson RRT F.4ARC
Charles G Durbin Jr MD FAARC

Conference Co-chairs
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Conference Proceedings

Indications for Mechanical Ventilation

in Adults with Acute Respiratory Failure

David J Pierson MD FAARC

Introduction

E\ olution of the Concept of Acute Respiratory Failure

Traditional Indications for Invasive Mechanical Ventilation

Why Revisitinj; the Traditional Indications Is Appropriate

Does Every Ventilated Patient Need to Be Intubated?

Does Every Intubated Patient Need to Be Ventilated?

Indications for Mechanical Ventilation in Different Clinical Situations

Apnea and Impending Respiratory Arrest

Acute Exacerbation of COPD
Acute Severe Asthma

Neuromuscular Disease

Acute Hypoxemic Respiratory Failure

Heart Failure and Cardiogenic Shock

Acute Brain Injury

Flail Chest

Implications of Recent Research on Ventilator-Induced Lung Injury

Contraindications to Mechanical Ventilation

Conclusions and Recommendations

Increased understanding of the mechanisms and effects of acute respiratory failure has not been

accompanied by more precise criteria by which the clinician can determine when intubation should

be carried out and invasive positive-pressure ventilation (IPPV) instituted in a given patient. The

indications traditionally offered in reviews and textbooks have tended to be either so broad as not

to be very helpful in an individual case, or of questionable clinical relevance and too cumbersome

for practical use. This review updates the indications for IPPV in adult patients with acute respi-

ratory failure by examining available evidence from clinical trials and by considering new man-

agement alternatives that have become available in the last 20 years. Indications for IPPV based on

specific threshold values for P( ,, and pH or on various indices of arterial oxygenation have

generally not been validated by clinical evidence, and it is unlikely that any cutoff value would be

applicable to all patients or all categories of acute respiratory failure. Stated another way, there is

probably no single value for arterial P((),, pH, or P„, that by itself constitutes an indication for

IPPV. Compelling face validity justifies the use of IPPV in cases of apnea or when it appears certain

that respiratory arrest is about to occur. However, dyspnea, tachypnea, or the subjective impression

of respiratory distress are probably not in themselves justification for emergency intubation. It

should be possible to avoid IPPV and its attendant complications in many cases of acute hyper-

capnic respiratory failure. In acute exacerbations of chronic obstructive pulmonary disease, non-

invasive positive-pressure ventilation (NPPV) should be the initial ventilation approach unless the

patient has one of several specific exclusion criteria such as cardiovascular instabilitv or severely

impaired mental status. It may also be possible to avoid intubation through the use of NPPV in

certain immunocompromised patients with early acute hypoxemic respiratory failure. Hov\cver. in
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other settings of acute hypoxemic respiratory failure, such as acute lung injury and acute respira-

tory distress syndrome, this has not been shown. The use of IPPV may improve outcomes in patients

with severe cardiogenic shock. However, IPPV has not proven to be beneficial in traumatic brain

injury and flail chest, in the absence of other indications. Key words: chronic obstructive pulmonary

disease. COPD. status astlunaticus. cardiogenic shock, contraindications, acute respiratoryfailure, non-

invasive ventilation, respiratory acidosis, intubation, acute respiratory distress syndrome. ARDS. [Respir

Care 2002;47(3):249-262]

Introduction

It seems logical that a state-of-the-art conference on the

techniques and clinical applications of invasive mechani-

cal ventilation should begin with a systematic review of

the indications for using it. However, although there have

been hundreds of studies on the technical aspects and clin-

ical uses of ventilatory support, and on the process of

discontinuing it once underway, suiprisingly little work

has been done on the reasons and circumstances for initi-

ating this form of life support. In fact, although some

textbooks dealing with mechanical xentilation include in-

troductory chapters on indications.'"^ a substantial number

do not."^ '^ and in some books'"'* the indications for me-

chanical ventilation cannot e\en be found in the index.

Reviews and chapters discussing indications usually either

rehash the pathophysiology of respiratory failure or trans-

pose guidelines developed for ventilator weaning to the

"front end" of the mechanical ventilation sequence. Very

few address head-on the question of whether and when a

given patient should be intubated and placed on a venti-

lator.

This paucity of studies and explicit discussions of the

indications for mechanical ventilation hints at the inherent

difficulty of this topic. Because acute respiratory failure

(ARF) is by definition a threat to a patient's life, clinicians

have naturally regarded ventilatory support as a "given" in

management. Specific indications have almost never been

studied directly, something as true in 2002 as it was 2

decades ago when this subject was first addressed at a

Respiratory Care state-of-the-art Journal conference.'^

David J Pierson MD FAARC i,s affiliated with the Division of Pulmonary

and Critical Care Medicine, Department of Medicine. Harborview Med-

ical Center and University of Washington, Seattle.

A version of this report was presented by David J Pierson MD FAARC
during the Respir.atory C.'\re Journal Conference, "Invasive Mechanical

Ventilation in Adult.s: Implementation. Management, Weaning, and Fol-

low-Up," October 5-7, 2001, Canciin, Mexico.

Correspondence: David J Pierson MD FAARC. Division of Pulmonary

and Critical Care Medicine. Harborview Medical Center, 325 Ninth Av-

enue. Bo.\ 359762. Seattle WA 98104. E-mail: djp@u.washington.edu.

But there have been important changes. Ventilators and

ventilation techniques have evolved, and much more is

known about the management of certain forms of ARF. In

this article I review the development of the concept of

ARF as it applies to the decision when to intubate and

ventilate a given patient, and list the indications put for-

ward in the past by different authors and expert groups. I

then offer reasons why these traditional indications need to

be revisited and review current understanding of the ben-

efit of invasive mechanical ventilation in different catego-

ries of ARF. After a brief discussion of how recent data on

ventilator-induced lung injury might impact the decision

to initiate invasive mechanical ventilation. I conclude with

a set of updated indications based on available experimen-

tal data in the context of our understanding of the benefits

and hazards of this form of support.

This review is restricted to the ventilatory support of

adult patients with ARF. Indications for mechanical ven-

tilation in infants and children are not covered, nor is the

subject of using long-term mechanical ventilation as an

elective therapy (rather than as life support) to rest the

ventilatory muscles in patients with chronic ventilatory

insufficiency.'" Because there is no generally accepted ab-

breviation for invasive mechanical ventilation, and because

the term "IMV" means something else. I use the acronym

IPPV for invasive positive-pressure ventilation, in order to

maintain a parallel with the standard term NPPV (nonin-

vasive positive-pressure \entilation).

Evolution of the Concept of

Acute Respiratory Failure

The introduction of IPPV into common use as a form of

life support, around 1970. coincided with spread of the

concept of respiratory failure as a physiologic state. Al-

though the notion of respiratory failure as a derangement

of the gas exchange function of the lungs had been men-

tioned earlier, widespread dissemination of the present con-

cept came primarily from EJM Campbell, especially in his

Goulstonian Lecture to the Royal College of Physicians in

London in 1965:

The function of the respiratory system is to secure

aas exchange between blood and ambient air so that
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Fig. 1. The oxyhemoglobin dissociation curve relating Pq, (X axis)

to hemoglobin oxygen saturation (Sq,. Y axis), as modified by

Campbell In 1965 and related to the clinical concept of respiratory

failure. The curve is not depicted at a constant pH of 7.40, but "has

been given a 'shift to the right' In Its lower part because there is

usually an acldaemia in respiratory failure." (From Reference 11,

with permission.)

the arterial blood gas pressures are within certain

Umits. Therefore respiratory failure may be defined

as impairment of this function of such degree that

the arterial blood gas pressures depart from these

limits."

Camphel! emphasized the relationship of ailerial oxy-

gen tension to the o.xyhemoglobin dissociation curve (Fig.

1 ). indicating the Pq and hemoglobin saturation (Sq,) val-

ues at which hypoxia posed threats to tissue function of

increasing severity." He incorporated both alveolar ven-

tilation and arterial oxygenation in defining respiratory

failure, stating that the latter ".
. .is present in a subject at

rest breathing air at sea-level if, because of impaired re-

spiratory function, the arterial blood Pq, is below 60 mm
Hg or the P^^ above 49 mm Hg."'"

To Campbeirs arterial Pq, and P^o, thresholds for de-

fining respiratory failure. Petty'- added a time element,

relating the suddenness with which these thresholds were

reached to the potential threat to the life of the affected

individual. This introduced the concept of acute respira-

tory failure:

[ARF] may be simply defined as the sudden inabil-

ity of the respiratory apparatus and heart to main-

tain adequate arterial oxygenation and adequate car-

bon dioxide elimination. In the fmal sense. |ARF| is

present when tissue oxygen transport and carbon

dioxide excretion are impaired; but because of the

difficulties of estimating tissue aas tensions, arterial

Lung Failure Pump Failure

Gas exchange failure

manifested by Hypoxemia

Ventilatory failure

manilested by Hypercapnia

Fig. 2. Schematic depiction of 2 basic forms of respiratory failure;

failure of the gas exchange function of the lung Itself (hypoxemic

respiratory failure) and failure of the bellows mechanism that ven-

tilates it (hypercapnic respiratory failure). (Modified from Refer-

ence 15, with permission.)

blood gas analysis is utilized to delermiiie the pres-

ence and severity of |ARF|.'-

Petty offered specific values for Pq and P(~q and em-

phasized the importance of pH in addition to P^-q, in de-

termining the presence of ARF:

In brief. [ARF] has occurred when the arterial

Pq, is less than 50 mm Hg with or without P^-o^ of

greater than 50 mm Hg. In |ARF], the ?(,„, eleva-

tion is incompletely compensated by renal retention

of bicarbonate, and a pH less than 7.3 is usually

observed.'-'

Because arterial blood gas (ABG) measurements assess

both oxygenation and acid-base balance, the concept sub-

sequently emerged of 2 fundamental forms, or mecha-

nisms, of ARF: failure of gas exchange (oxygenation fail-

ure), manifested primarily by hypoxemia, and failure of

the bellows function of the respiratory apparatus (ventila-

tory failure), manifested primarily by hypercapnia and aci-

demia. '* This conceptual distinction was nicely depicted

by Roussos in the diagram shown in Figure 2.''' Tradition-

ally, indications for IPPV ha\e been formulated in relation

to those 2 forms of ARF, relying hea\ily on ABG \alues

and pH.

Using ABG values to determine the presence of acute

hypoxic respiratory failure conectly diagnoses this condi-

tion in the majority of cases, although there are important

exceptions with which the clinician needs to be familiar.

The ultimate definition of acute hypoxic respiratory failure

has been stated as acute life- or vital organ-threatening

tissue hypoxia. ''' Table 1 lists the general physiologic cat-

egories in which it occurs, along with the measures or

processes that determine each category. Severe anemia or

alteration of hemoglobin function (as in carbon monoxide

poisoning) can pixiduce life-threatening tissue hypoxia in

the absence of hypoxemia because of a reduction in arte-

rial oxygen content. Even with normal arterial P,, and
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Table 1. Mechanisms of Tissue Hypoxia

Category Determinants

Inadequate oxygenation of arterial blood

Hypoxemia

Inadequate arterial oxygen content

Inadequate systemic oxygen delivery

Inadequate peripheral oxygen utilization

Decreased arterial Pq,

Decreased S.,o, and/or hemoglobin concentration

Decreased C„o, and/or cardiac output

Impaired intracellular use and/or peripheral lelt-to-right shunting

Sa02 = arterial oxytlemoglobin sauiraliun

Caoi - arterial oxveen conlent

hemoglobin, inadequate systemic oxygen delivery (as in

cardiogenic shock) can do the same thing. In unusual cir-

cumstances, access of the tissues to oxygen can be insuf-

ficient despite adequate overall peripheral oxygen deliv-

ery, as may he seen in severe sepsis, or the tissues themselves

may be rendered incapable of using the oxygen delivered

to them, as in cyanide poisoning."'

Petty's definition of ARF 30 years ago'- acknowledged

that the oxygenation problem was ultimately at the tissue

level, but relied on ABG tensions because of the practical

difficulties of assessing tissue oxygenation. These diffi-

culties have not been overcome, despite many attempts

using blood lactate, percutaneous gas tensions, mixed ve-

nous oxygen saturation, gastric tonometry, the relationship

between oxygen delivery and uptake, and other measures.

Arterial Pq,, and to a limited extent arterial oxyhemoglo-

bin saturation as monitored by pulse oximetry, remain the

clinician's primary indicators of the presence and severity

of hypoxic ARF.

Traditional Indications for

Invasive Meclianical Ventilation

In the era before ABG tensions and aspects of ventila-

tory mechanics were routinely measured outside the lab-

oratory, IPPV was most often initiated on the basis of

bedside observation:

respiratory care textbooks. These lists range from the rel-

atively comprehensive, as in Table 3. to the \ery simple.

As an illustration of the latter, one recent mechanical ven-

tilation book"* echoes a classic text of a generation ago''' in

listing just 4 basic indications for mechanical ventilation:

• Apnea
• Acute ventilatory failure

• Impending acute \'entilatory failure

• Severe oxygenation deficit

In this simple list the indications are conceptual rather

than specific, and no more precise definitions of such things

as "impending acute ventilatory failure"" and "severe oxy-

gen deficit" are attempted. The texts offering this list are

detailed and objective in many other areas, and the ab-

sence of specificity illustrates how difficult it is to state

exact criteria that would apply to all patients.

An attempt to create a more physiologically-based set of

indications was included in the American College of Chest

Physicians 1993 consensus conference on mechanical ven-

tilation, in the form of a set of physiologic and clinical

objectives (Table 4).-"

Why Revisiting the Traditional Indications

Is Appropriate

Lists of measurements such as those in Table 3. or of

overall objectives as in Table 4, leave something to be

In most cases where artificial respiration is consid-

ered, the need is self-evident. The patient is cya-

nosed . . . The signs of hypercarbiu may be

present ...'''

Clinical signs of hypoxia and acute hypercapnia, re-

ferred to in the above quotation, are shown in Table 2."*

These signs are nonspecific and mostly subjective, and are

of little help in deciding when to intubate and ventilate a

given patient. However, on the heels of the new physiol-

ogy-based definitions of ARF caine attempts to objectify

the indications for intubating and ventilating patients. Ta-

ble 3 is typical of the lists of indications found in many

Table 2. Clinical Signs of Acute Respiratory Failure

Hypoxia or Hypoxemia

Headache

Impaired motor function or judgment

Confusion, delirium

Unconsciousness

Hypotension

Tachycardia

Central cyanosis

Peripheral vasodilation

Adapted trniii Rclerenee IS

Acute CO, Retention

Headache

Dizziness

Confusion

Unconsciousness

Asterixis

Miosis, papilledema

Hypertension

Diaphoresis
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Tabic 1. ^1caMllcnleln^ U^cd in ToMbiioks and Other Sciuacs as IndiL'alions lor Mechanical Vcnlllatlim

Measurement Normal
Mechanical Ventilation

Indicated*

Tidal volume (mL/kg)

Vital capacity (mL/kg)

Forced expiratory volume in the first second IFEV, inL/kg)

Functional residual capacity {'^i ot predicted value)

Respiratory rate ibieaths/niin)

Maximum inspiratory pressure (cm H,0)

Minute \entilalion (L/min)

Mavmnim \oluntary \enlilation (V,., L/niin)

Dead space fraction

Arterial P^,,, (mm Hg)

Arterial P,,. (mm Hgl

Alveolar-arterial ?„, difference while breathing lOll'i O, (mm Hg)

Ratio of arterial to alveolar P,,,

Ratio of arterial P,,, to fraction of inspired oxygen (mm Hg)

Intrapulmonary right-to-left shunt fraction

5-8

65-75

50-60

>80
12-20

X()-12()

5-8

120-180

0.25-0.40

36-44

75-!()()(on air)

25-65

0.75

350-450

<0.05

<5
< 10-15

< 10

<50
>35

< 20-30

> 10

< 20; < 2 X V;;

>0.60

>50
< 50 (on air)

<70Con mask O,)

> 350-450

<0.15

<200
> 20-30

'Ranges and multiple values indieale dilTerenl threshold values given in ditterenl sources.

Adapted from Rcfcnsncc 9

desired, particularly for the inexperienced clinician. In the

last 2 decades it has also become apparent with the re-

emergence of NPPV and the publication of a few clinical

trials that the indications for IPPV for ARF in different

clinical settings may be different.

Reassessment of the traditional indications for mechan-

ical ventilation in light of current thinking and available

data is a good idea for 3 main reasons. First, a number of

the individual indications listed in Table 3 were originally

used in the context of weaning ventilatory support and turn

out to be illogical, incomplete, or impractical as indica-

tions for starting it. For example, minute ventilation, tidal

volume, and vital capacity can be measured in nonintu-

bated patients with respiratory distress, but this is seldom

done. The same goes for maximum inspiratory pressure,

maximum voluntary ventilation, functional residual capac-

ity, and dead space fraction. The methods used to deter-

mine these things in spontaneously breathing patients come

from the pulmonary function laboratory, and they are both

cumbersome to perform and difficult to apply accurately.

ABGs are readily available, but the inspired oxygen frac-

tion in the patient's lower airway cannot usually be known

for certain, which means that indications based on alveolar

Pq, must at best be estimates. In addition, as pointed out

earlier, assessment of acute oxygenation failure at the

tissue level using blood gases alone may either miss

this condition when it is present or diagnose it when it

is absent.

Second, there are alternatives to IPPV today that were

not widely used when the indications in Table 3 were

formulated. The availability of high-flow oxygen blenders

and of continuous positive airway pressure (CPAP) and

NPPV delivered via mask makes it possible to manage

some cases of both hypoxemic and hypercapnic ARF with-

out intubation. In addition, as discussed below, not every

patient who requires an artificial airway needs assisted

ventilation.

Finally, the traditional indications for IPPV are not pri-

marily evidence-based. The lists in Tables 3 and 4 were

generated from recommendations of "authorities." by ex-

trapolation from other clinical or laboratory settings, or at

best from anecdotal observations in patients. In the present

era of evidence-based medicine,-' several schemes have

been developed for assessing the quality of the evidence

for a diagnostic test or treatment. Although it is simpler

than some other widely-quoted systems,-- the 3-category

approach of the Oxford Centre for Evidence-Based Med-

icine-' works well for evaluating the evidence pertaining

to indications for mechanical ventilation. This system rates

evidence as follows;

• Category 1; Evidence from randomized controlled trials

• Category II: Convincing nonexperimental evidence

• Category 111: Interventions without substantial evidence

In their evaluation of the evidence base for inpatient

general medicine. Ellis et al-' considered Category II

evidence in this scheme to be "interventions whose face

validity is so great that randomized trials were unani-

mously judged by the team to be both unnecessary and,

if a placebo would have been involved, unethical." As-

sessments of the evidence base for clinical practice in

both general inpatient medicine-' and thoracic surgery-"

have concluded that while such practice inay indeed be
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Table 4. Physiologic and Clinical Objectives of Mechanical Ventilation*

Physiologic Objective Rationale or Comment

Support or otherwise manipulate pulmonary gas exchange

Alveolar ventilation

Arterial oxygenation

Increase lung volume

End-inspiratory lung intlation

End-expiratory lung volume

Reduce or otherwise manipulate the work of breathing

To unload the respiratory muscles

Normalize alveolar ventilation, except where specific circumstances dictate

otherwise (eg. increased intracranial pressure)

Maintain acceptable S„o, (eg. > 909c) and P^q, (eg. > 60 mm Hg).

Achieve sufficient lung expansion to prevent or treat atelectasis and its

adverse effects

Achieve and maintain increased FRC in conditions in which a lower FRC
may be detrimental

Reduce patient work of breathing when this is judged inappropriately elevated

by increased airway resistance or reduced coinpliance

Clinical Objective Rationale or Comment

Reverse hypoxemia

Reverse acute respiratory acidosis

Relieve respiratory distress

Prevent or reverse atelectasis

Reverse ventilatory muscle fatigue

Permit sedation and/or neuromu.scular blockade

Decrease systemic or myocardial oxygen consumption

Reduce intracranial pressure

Stabilize the chest wall

FRC — functional residual capacity

Saoi = arterial oxyhemoglobin saturation

Adapted froiTi Reference 20.

Relieve potentially life- or tissue-threatening hypoxia

Correct immediately life-threatening acidemia, rather than necessarily to

achieve a normal Paco,

Relieve intolerable patient discomfort while primary disease process reverses

or improves

Avoid or correct adverse clinical effects of incomplete lung inflation

L'nload ventilatory muscles in circumstances of acutely increased and

intolerable loads

Allow patient to be rendered incapable of spontaneous ventilation, as for

procedures or in certain disease states

Lower systemic and/or myocardial oxygen demand when work of breathing or

other mu.scle activity contributes to impaired systemic oxygen delivery or

excessive cardiac work load

Reduce intracranial blood volume through controlled hyperventilation in acute

intracranial hypertension

Compensate for inadequate bellows function and lung expansion due to loss

of thoracic integrity

judged evidence-based, the evidence lies overwhelm-

ingly in Categories II and III of this scheme. This turns

out definitely to be the case with initiating IPPV in adult

patients with ARF.

Does Every Ventilated Patient Need to Be Intubated?

Before evaluating current data supporting the use of

IPPV in different clinical settings, 2 impoilant questions

need to be addressed: whether the need for ventilatory

support in ARF necessarily means that the patient requires

intubation, and whether the presence of an endotracheal

tube automatically implies the need for ventilatory support.

Twenty years ago the answer to the first question would

generally have been "yes." Although patients with ARF
were sometimes treated with intermittent positive-pressure

breathing treatments by means of mouthpieces or face

masks prior to the availability of volume-targeted ven-

tilation and intensive care units (ICUs), this practice

was subsequently considered unphysiologic and danger-

ous, and IPPV became the standard of care. However,

there is now a large amount of clinical evidence that

positive pressure ventilation can be administered effec-

tively and safely to patients with ARF without an arti-

ficial airway—at least under certain circumstances.-"^-"

The 2 clinical settings for which the current evidence

base for NPPV in ARF is strongest are managing ven-

tilatory failure due to acute exacerbation of chronic

obstructive pulmonary disease (COPD) (as will be dis-

cussed below) and facilitating weaning in patients who
are marginal candidates or have required prolonged ven-

tilatory support.-' -'^ The latter topic is addressed in the

paper by Epstein in the proceedings from this confer-

ence.'" and will not be discussed further here.
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Does Every Intubated Patient Need to Be Ventilated?

The second general qiiesiioii lor discussion is whether

endotracheal intubation in an acutely ill patient automati-

cally carries with it the need for ventilatory support. Al-

though when intubation is required because of ARF me-

chanical ventilation can be assumed to be required, this

has never been systematically studied in terms of patient

outcomes, and there are several circumstances in which

the needs for intubation and ventilatory support appear to

be distinctly separate. These include upper airway obstruc-

tion (as in acute epiglottitis), the inability to protect the

lower airways from aspiration (as in cases of severe bulbar

weakness), and the need for airway access to remove res-

piratory secretions (as in some severely debilitated pa-

tients who cannot clear their airways spontaneously).

Even when intubation is carried out for one of the above

circumstances rather than for ARF, in patients whose abil-

ity to ventilate can be assumed to be normal, the institution

of IPPV, or at least the use of a low level of pressure

support, has become routine in many institutions. The ra-

tionale usually given is that patients are subjected to need-

less dyspnea and excessive breathing work when made to

"breathe through a straw."" by which is meant an endotra-

cheal or tracheostomy tube without some form of inspira-

tory assistance. Both bench studies'"-'' and measureinents

in patients'-""^ have shown that adding pressure support

diminishes inspiratory work during spontaneous breathing

through an endotracheal tube, and it is reasonable to con-

clude that in frail patients with marginal ability to sustain

resting ventilatory needs this may make a clinical differ-

ence during weaning. However, direct evidence to support

this conclusion is lacking, as is convincing evidence that

weaning with pressure support is superior to the traditional

T-piece method."'" For many patients who are intubated

because of upper airway obstruction, the need for airway

protection, or for tracheobronchial toilet, the routine use of

IPPV increases expense and caregiver labor without evi-

dence that any clinically important benefit is obtained.

Figure 3 shows work of breathing data obtained from

intubated normal human volunteers breathing with varying

frequencies through different-sized endotracheal tubes in

order to vary minute ventilation.'* The figure shows that

the increase in breathing work imposed by tubes of > 7.0

mm internal diameter is minimal at minute ventilations

of s 10 L/min, and very modest with tubes > 8.0 mm
internal diameter even at \5 L/min. Thus, it seems reason-

able to conclude that adult patients who require endotra-

cheal intubation for upper airway obstruction, to provide

airway protection, or to facilitate secretion removal, and

who have no other indication for ventilatory support, do

not need IPPV if the tube is a size 7 or greater in the

presence of a normal minute \entilation requirement.

Ve (L/min)

Fig. 3. Work of breathing as recorded in healthy adult volunteers

breathing spontaneously at different minute ventilations (Vg)

through endotracheal tubes of various sizes. At a V^ of == 10 LVmin,

the additional WOB imposed by the endotracheal tube was small

if the tube's internal diameter was ^ 7 mm; a minute ventilation

of £ 15 LVmin was not associated with excessive WOB if the tube

was a 8 mm internal diameter. Internal diameters: solid circles =

6 mm, open squares = 7 mm. solid triangles = 8 mm, open cir-

cles = 9 mm, open triangles = 10 mm. (From Reference 38, with

permission.)

Indications for Mechanical Ventilation

in Different Clinical Situations

Apnea and Impending Respiratory Arrest

Respiratory arrest is the ultimate Category II indication

(one whose face validity is so great that a controlled study

could not ethically be done), and it is not surprising that a

literature search failed to find primary data supporting it.

"Impending respiratory arrest" is more problematic in that

it is difficult to define prospectively. Intubation and the

institution of IPPV are commonly carried out because the

evaluating clinicians judge the patient to be in respiratory

distress, "tiring." and "about to anest."" There have been

no studies of the extent of agreement among different

clinicians in identifying impending respiratory arrest, and

no direct comparisons of IPPV with some alternative ther-

apy in patients ineeting that description.

Wood et af^ studied the effect of a protocol of NPPV.

as compared to ""usual therapy." on intubation rates among
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patients in the emergency department v\ho were judged to

be in acute respiratory distress. They considered for study

entry tachypneic patients with acute onset of moderate to

severe dyspnea, as assessed hy the emergency department

physician, but who did not have ""an immediate indication

for endotracheal intubation" or any of several other exclu-

sion factors. Once in the study, patients were intubated if

they suffered respiratory arrest, had respiratory pauses w ith

loss of consciousness or gasping for air. became uncon-

trollably agitated, or de\eloped bradycardia or severe hy-

potension. Of 16 patients randomized to receive NPPV, 7

required intubation and IPPV. as compared to 5 of 1

1

patients in the "usual therapy" group. These rates were not

statistically different, although the groups were small.

That study involved a highly selected population, in that

only 87 patients were considered and 27 enrolled during a

6-month period in a busy urban teaching hospital's einer-

gency department. Whether its results could be general-

ized to a larger population of patients presenting with acute

respiratory distress is unknown. More importantly, with

respect to the question of when patients with respiratory

distress should be intubated, the study attempted to stan-

dardize the indications for IPPV but did not analyze whether

those indications were the appropriate ones.

Thus, apnea and impending respiratory arrest remain

general indications for IPPV. and how the latter is defined

remains up to the judgment of the indi\ idual clinician.

Acute Exacerbation of COPD

A great deal of work has been done on NPPV as an

alternative to IPPV in patients presenting v\ith acute ex-

acerbations of COPD, although this work does not directly

address the validity of the criteria used for intubation.

Numerous randomized controlled trials have shown im-

proved ABG \alues and pH. lower rates of intubation,

reduced in-hospital mortality, and decreased hospital length

of stay when NPPV is used (Category I evidence).-*'^--'-

Based on the available data, as well as the consensus opin-

ions of the experts on the panel, the Global Initiative for

Obstructive Lung Disease (GOLD)-"' endorses the selection

and exclusion criteria for NPPV in acute exacerbations of

COPD used in the study by Kramer et aH' (Table 3).

The GOLD panel further endorsed the criteria shown in

Table 6 as indications for invasi\e mechanical ventilation

in acute exacerbations of COPD.-"' A mixture of objective

and subjective criteria, these indications are based on Cat-

egory II and Category III evidence in that none of them

has been subjected to a prospective clinical trial. For ex-

ample, whether the threshold for intubation based on re-

spiratory acidosis should be a P;,c o, of 60 mm Hg and pH

7.25, or some more or less stringent cutoffs, has not been

determined.

Tuhle 5. Selection and Exclusion Criteria for Noninvasive Positive-

Pressure Ventilation in Acute Exacerbations of Chronic

Obstructive Pulinonary Disease

Selection Criteria (at least 2 should be present)

Moderate to se\ere dyspnea with use of accessory muscles and

paradoxical abdominal motion

Moderate to severe acidosis (pH 7. ,^0-7. ,15) and hypercapnia (P^co,

4.'i-60 mm Hg)

Respiratory frequency > 25 breaths/min

Exclusion Criteria (any 1 is sufficient)

Respiratory arrest

Cardiovascular instability (hypotension; dysrhythmias; acute

myocardial infarction)

Somnolence; impaired mental status; uncooperative patient

High risk of aspiration

Viscous or copious secretions

Recent facial or gastroesophageal surgery

Craniofacial trauma; fixed nasopharyngeal abnormalities

Extreme obesity

Adapted from Reference 43.

Although only clinical experience and common sense

support the statement, the time course and direction of

change in arterial P^o, and pH are probably important. It

would be reasonable to intubate a patient in whom respi-

ratory acidosis was worsening despite aggressive initial

treatment, while continuing with noninvasive management

would seem appropriate despite the same P^;, and pH
values if the patient's condition were stable or impro\ing.

The patient's mental status also seems to be very im-

portant in the decision of whether to intubate—probably

more important than any threshold values for P^-q and pH.

other things being equal. If the patient remains awake and

Table 6. Indications for Invasive Mechanical Ventilation in Acute

Exacerbations of Chronic Obstructive Pulmonary Disease

Severe dyspnea v\ith the use of accessory muscles and paradoxical

abdominal motion

Respiratory frequency >35 breaths/min

Life-threatening hypoxemia (P^,,, < 40 mm Hg or P.,u,/Fio, < -^ rnm Hg)

Severe acidosis (pH < 7.25) and hypercapnia (P^co, > 60 "i"i Hg)

Respiratory arrest

Somnolence; impaired mental status

Cardiovascular complications (hypotension; shock; heart failure)

Other complications (metabolic abnormalities; sepsis; pneumonia;

pulmonary embolism; barotrauma; massive pleural effusion)

Failure of NPPV (or exclusion criteria listed in Table 5)

NPPV = noiiinvaMxe posiiive-pressure \cnii!ation

Fio, ~ fraction of inspired oxygen

Adapted fnim Reference 40,
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able to cooperate with aerosol therapy and NPPV. defer-

ring intubation seems justified despite the hkK)d gas val-

ues. This recommendation is consistent with the GOLD
panel's recommendations in Tables 5 and 6. although not

explicitly stated or supported by experimental evidence.

Acute Severe Asthma

The mortality rate among patients with acute severe

asthma requiring IPPV appears to have decreased substan-

tially w ith the use of lower tidal volume than was formerly

employed, permissixe hypercapnia. and other aspects of

current management. '-'^^ Retrospective studies have also

shown that relatively few patients with acute severe asthma

require IPPV. despite initially severe air flow obstruction

and respiratory acidosis."'^^ However, no clinical trials to

define the specific indications for intubation and mechan-

ical ventilation have been reported. These indications may
be similar to those for COPD. although the potential for

more rapid physiologic improvement in asthma and the

fact that patients with asthma are often younger and health-

ier than patients with COPD raise doubt about this state-

ment. Two retrospective reviews suggest that NPPV may
be effecti\e in avoiding intubation in status asthmaticus,-''' **

although whether noninvasive ventilation will prove to

have a role in managing this condition remains to be es-

tablished.

Neuromuscular Disease

In acute ventilatory insufficiency complicating neuro-

muscular disorders such as myasthenia gravis and the

Guillain-Barre syndrome, there is agreement among expe-

rienced clinicians that IPPV is best initiated before the

development of acute respiratory acidosis.-*'' Vital capacity

and maximum inspiratory pressure have been used as in-

dices of ventilatory muscle function in those conditions,

with commonly cited thresholds of 10 or 15 mL/kg for the

former''-*''-'" and 20 to 30 cm H,0 for the latter." '" but no

studies specifically evaluating those thresholds have been

reported.

Acute Hypoxemic Respiratory Failure

The only studies published to date that pertain even

indirectly to indications for IPPV in patients with acute

hypoxemic respiratory failure have been evaluations of

CPAP and NPPV. Delclaux and associates performed a

randomized controlled trial of CPAP administered via face

mask versus usual therapy in patients presenting with acute

hypoxemic, nonhypercapnic respiratory failure and bilat-

eral pulmonary infiltrates.'^' The cause of ARF was acute

lung injury in 102 patients and cardiac pulmonary edema

in 21 patients. In that study. CPAP tended to improve

arterial oxygenation early, as compared with oxygen de-

livered without increased pressure (P^o/Fiq, after I h, 203

vs 151 mm Hg, respectively, p = 0.20). However, there

were no differences in the numbers of patients who re-

quired intubation ( 2 1 % vs 24% in CPAP and control groups,

respectively), in in-hospital mortality, or in ICU length of

stay. In addition, more patients in the CPAP group suf-

fered adverse events (14 patients vs 5. p = 0.03, including

4 in the CPAP group with cardiac arrest), perhaps because

the use of mask CPAP tended to delay the decision to

intubate.

Antonelli et al performed a randomized clinical trial of

NPPV in patients with acute hypoxemic respiratory failure

(Pac/Fjo, < 200 mm Hg) as an alternative to IPPV."

Twenty-two of 32 patients randomized to the NPPV group

were managed successfully without intubation, whereas,

by design, all 32 patients in the control group were intu-

bated. There were fewer complications during the ICU
stay among the patients randomized to NPPV (12 vs 21.

p = 0.02), but ICU mortality was not different (9 NPPV
patients died vs 15 IPPV patients, p = 0.19).

In a randomized clinical trial of NPPV versus usual

management in 61 patients with ARF of various etiologies,

Martin et al found that intubation was required less often

when NPPV was used, particularly in patients with pri-

mary diagnoses other than COPD.'''' Non-COPD patients

in the NPPV group had 8.45 intubations per 100 ICU days,

as compared with 30.30 in the usual care group (p = 0.01).

Deaths per 100 ICU days were not different in the 2 treat-

ment groups (2.39 vs 4.27 in NPPV and usual care groups,

respectively, p = 0.21).

Two clinical trials have evaluated the efficacy of NPPV
in immunocompromised patients with acute hypoxemic

respiratory failure, a population in whom avoidance of

intubation and IPPV may be particularly desirable. -'''-'^-'' An-

tonelli et al randomized solid organ transplant patients

with acute hypoxemic respiratory failure to receive either

NPPV (20 patients) or oxygen via face mask (20 patients).'-*

Patients treated with NPPV were more likely to experience

an improvement in arterial oxygenation (P_,(j/F|„ increased

in 12 vs 5 patients, p = 0.03), required intubation less

often (4 vs 14 patients, p = 0.002). were less likely to die

in the ICU (4 vs 10 patients, p = 0.05). and had fewer

serious complications (4 vs 10 patients, p = 0.05). How-

ever, total hospital mortality was not different in the 2

groups.

In the second randomized clinical trial inxoKing

immunosuppressed patients, in this case with relatively

early acute hypoxemic respiratory failure. Hilbert et al

treated 26 patients with NPPV and 26 with standard ther-

apy.'''^ Intubation was required in 12 patients in the NPPV
group, as compared with 20 patients in the control group

(p = 0.03). There were fewer complications in the NPPV
group (13 vs 21. p = 0.02). fewer ICU deaths (10 vs 18 in
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NPPV and control patients, respectively, p = 0.03),

and overall hospital mortality was less (13 vs 21 patients,

p = 0.02).

Based on the findings of those studies, it can be con-

cluded that although CPAP via mask may initially im-

prove arterial oxygenation more than supplemental oxy-

gen at ambient pressure in patients with acute hypoxemic

respiratory failure, the need for intubation is not reduced

and adverse events may actually be increased. The find-

ings of a reduced need for intubation with NPPV in 2

randomized trials in imnuuioconiproniised patients with

acute hypoxemic respiratory failure are encouraging and

suggest that this approach shtnild be used preferentially in

such patients. It is unclear whether NPPV can prevent the

need for intubation in other patient piipulations with non-

COPD ARF. and survival does not appear to be affected,

according to the results of the small trials published to

date.

Published studies do not answer the question of when to

intubate patients with acute hypoxemic respiratory failure.

Particularly, there is no evidence to say what threshold for

P^q/F|o, or other measure of oxygenation failure should

be used as an indication for intubation, or in fact whether

such a threshold could be identified. Most patients with

acute hypoxemic respiratory failure have tachypnea and

subjective respiratory distress, and many of them have

altered mental status, hypotension, or other findings that

can guide the clinician in deciding whether IPPV will be

required. There is no good evidence that an isolated find-

ing of hypoxemia of any severity is a separate, indepen-

dent indication for IPPV.

Heart Failure and Cardiogenic Shock

As in acute hypoxemic respiratory failure of noncardiac

origin, there is little clinical evidence to establish indica-

tions for IPPV in acute cardiac pulmonary edema. One

small clinical trial compared NPPV with standard oxygen

therapy in patients with acute cardiogenic pulmonary ede-

ma. "^^^ One of 19 patients treated with NPPV required in-

tubation, as compared to 6 of 1 8 patients given usual ther-

apy (p = 0.037). Patients given NPPV responded more

rapidly with respect to respiratory rate and time to oxygen

saturation of 96% (measured via pulse oximetry), but there

were no differences in mortality or hospital length of stay.

An earlier systematic review of available evidence on the

use of CPAP or NPPV in patients with cardiogenic pul-

monary edema concluded that CPAP had a modest effect

in reducing the need for intubation (risk difference, -26%.

95% confidence intervals -13 to -38% ) without a definite

effect on mortality, and that insufficient evidence existed

on the use of NPPV to draw conclusions.^^ As of the time

of this writing (December 2001) this situation had not

changed.

Cardiogenic shock may represent a separate indication

for IPPV. to decrease the oxygen cost of breathing at a

time of severely reduced cardiac output, although this has

not been subjected to a randomized controlled trial. Aubier

et al sht)wed in a dog model of cardiogenic shock that it

was possible to impair cardiac output sufficiently that an-

imals forced to breathe spontaneously during the 3-hour

experiment all died of respiratory failure, whereas animals

that were mechanically ventilated under otherwise identi-

cal circumstances all survived that period. ^'^ A nonran-

domized study of 28 patients with cardiogenic shock treated

with an intra-aortic balloon pump found that successful

weaning from the pump occurred more often in patients

who were intubated and ventilated with positive end-ex-

piratory pressure than in patients whose breathing was not

assisted (9 of 10 ventilated patients vs 8 of 18 nonventilated

patients, p = 0.04).^" Hospital survival was al.so higher in the

ventilated patients (8 of 10 patients vs 5 of 18 patients in the

ventilated and nonventilated groups, respectively, p = 0.01).

This experience is suggestive but does not establish caidio-

genic shock as a separate indication for IPPV.

Acute Brain Injury

Short-term hyperventilation constricts cerebral blood

vessels, reducing cerebral blood flow and cerebral blood

volume, and can rapidly lower intracranial pressure in pa-

tients with traumatic brain injury.'^'""' On the basis of these

physiologic effects, controlled hyperventilation, to an ar-

terial Pco, of 25-30 mm Hg, was a mainstay of managing

traumatic brain injury for decades."- ''^ However, a ran-

domized controlled trial by Muizelaar et al,"-* comparing

controlled hyperventilation with and without administra-

tion of the buffer tromethamine (THAM) to management

with normocapnia, found improved outcomes at 3 and 6

months when hyperventilation was avoided. Primarily as a

result of that study, the use of routine hyperventilation has

been abandoned by most neurosurgeons, and is considered

contraindicated by the Joint Committee on Trauma and

Critical Care of the American Association of Neurologic

Surgeons and the Congress of Neurologic Surgeons.*''^

Although their effects on patient outcomes have not

been formally studied, brief periods of hyperventilation to

lower sudden increases in intracranial pressure are still

widely used, along with other measures. However, on the

basis of available evidence, traumatic brain injury by itself

cannot be considered an indication for IPPV.

Flail Chest

When several ribs are fractured in 2 or more places, the

chest wall may become unstable and paradoxical inward

motion may occur during spontaneous inspiration. Because

of fears that this condition would result in \entilatory fail-
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lire in the sIidiI term and severe luiii: leslrietion w ilh even-

tual healing, it was once common practice to achiese 'in-

ternal pneumatic stahili/ation" with contfolled mechanical

veiitilaliou. and to continue this for many days, until all

evidence of paradoxical chest wall motion had resolved.'"' "^

However, animal experiments showed that severe pulmo-

nary dysfunction in tlail chest was primarily the result of

underlying lung injury, and several clinical series sug-

gested that patients with Hail chest fared no worse than

patients w ith comparable pulmonary dysfunction but with-

out flail chest.'"*-^'' These and subsequent series'"'" showed

better outcomes among patients with flail chest in whom
intubation and IPPV were avoided.

Although no randomized clinical trial of IPPV versus its

a\i)idance has been reported, available evidence supports

the conclusion that flail chest injury is not a separate in-

dication for IPPV in patients who do not have any of the

other indications discussed in this review.

Implications of Recent Research on

Ventilator-Induced Lung Injury

Randomized controlled trials in patients with acute re-

spiratory distress syndrome have shown that management

strategies for IPPV that limit lung distention and transal-

veolar pressure substantially improve survival. '-'' Much

of the benefit of the "lung-protective" ventilatory strate-

gies used in those trials appears to derive from decreases

in ventilator-induced lung injury and in other, systemic

effects of what has been called "biotrauma."'^-''' If IPPV

that causes less lung stretch leads to better outcomes than

ventilation at higher pressures and volumes, it stands to

reason that the avoidance of IPPV altogether, through the

use of NPPV and other measures to augment ventilation

and oxygenation, might be even better for the patient. The

clinical circumstances in which such an approach might be

effective and safe have yet to be defined, but more reseaich

testing this hypothesis may be expected in the future.

Contraindications to Mechanical Ventilation

Invasive mechanical ventilation is haziudous, uncomfort-

able, and expensive, and thus should not be used when it is

not needed. Though the indications for IPPV in most clinical

circumstances remain uncertain, it is clear that avoiding un-

necessary IPPV is a worthwhile goal. The complications as-

sociated with IPPV are legion and often lethal.'^''^ Few data

are available on their incidence.*"' but whatever the figure and

in any practice setting, they are too comiuon. The most se-

vere of the frequently encountered complications—including

pneumothorax, ventilator-associated pneumonia, and ventila-

tor-induced lung injury—are primarily phenomena of

IPPV. and are either not seen at all or are much less

frequent in patients who are not intubated.

Intubation and IPPV should not lie the first approach in

managing patients with acute exacerbations of COPD. The

available evidence on managing this condition is such that

IPPV and NPPV cannot be considered equally acceptable

alternatives, left to the discretion ol the clinician: IPPV is

contmindkahdwi acute COPD exacerbations, except w hen

exclusion criteria tor NPPV (listed in Table .'S) are present

or when management with NPPV has been attempted un-

successfully.

Invasive mechanical veiuilation is conlraindicated when

it is contrary to the expressed wishes of a competent pa-

tient or designated surrogate making decisions on the pa-

tient's behalf. As with cardiopulmonary resuscitation and

other life-sustaining measures, IPPV could also be consid-

ered contraindicated when its use would be medically fu-

tile—that is, when there is no reasonable likelihood that it

could extend the patient's life in a meaningful way.

Conclusions and Recommendations

Most of the indications for IPPV listed in textbooks and

previous reviews have been empirical or have consisted of

transposed thresholds for ventilator weaning. Many of the

physiologic measurements in such lists are cumbersome or

inapplicable in acutely ill, nonintubated patients, and few

of them are actually used in deciding whether to intubate

and ventilate a given patient. In addition, for most clinical

settings, the available evidence does not justify the degree

of specificity that has been used in defining the listed

indications. Based on cunently available evidence, and in

the context of today's practice, the indications for IPPV

should be revised (Table 7).

Apnea and imminent respiratory airest constitute the most

obvious indications for IPPV. although it is unlikely that

evidence beyond Category II (compelling face validity) will

be put forwaid. However, dyspnea, tachypnea, and the ap-

pearance of respiratory distress, by themscKes, do not appear

sufficient to justify invasive mechanical ventilation. In caring

for patients with acute respiratoiy distress, there may be time

for further assessment rather than emergency institution of

IPPV if the vital signs are stable and no other obvious indi-

cation for intubation is present.

Because NPPV can obviate the need for intubation in

the majority of patients with acute exacerbations of COPD,

this should be the approach of flrst choice unless cardio-

vascular instability, altered luental status, or one of the

other exclusion criteria listed in Table 6 is present. There

is no evidence that intubation should be performed at any

particular pH or P,,^,, value if the patient is alert enough

to cooperate with therapy. Acute-on-chronic ventilatory

failure in patients with kyphoscoliosis or other chronic

musculoskeletal disoiders appears to be another circum-

stance in which NPPV may be effective in resting the

ventilatory muscles and avoiding the complications of
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Table 7. Indications for Invasive Mechanical Ventilation in Adults with Acute Respiratory Failure

Invasive mechanical ventilation is indicated in any of the following circumstances;

Apnea or impending respiratory arrest

Acute exacerbation of COPD* with dyspnea, tachypnea, and acute respiratory acidosis (hypercapnia and decreased arterial pH). plus at least one of

the following:

Acute cardiovascular instability

Altered mental status or persistent uncoopeiativeness

Inability to protect the lower airway

Copious or unusually viscous secretions

Abnormalities of the face or upper airway that would prevent effective NPPV

Progressive respiratory acidosis or other deterioration despite intensive therapy, including NPPV

Acute ventilatory insufficiency in neuromuscular diseases, in the presence of any of the following:

Acute respiratory acidosis (hypercapnia and decreased arterial pH)

Progressive decline in vital capacity to < 10-15 niL/kg

Progressive decline in inaxinium inspiratory pressure to < 20-30 cm H,0

Acute hypoxemic respiratory failure with tachypnea, respiratory distress, and persistent hypoxemia despite administration of high F,,,, via high-llow

system, or in the presence of any of the following:

Acute cardiovascular instability

Altered mental status or persistent uncooperativeness

Inability to protect the lower airway

Need for endotracheal intubation to maintain or protect the airway or to manage secretions, in the following settings:

Endotracheal tube ^ 7.0 mm internal diameter with minute ventilation > 10 L/min

Endotracheal tube s 8.0 mm internal diameter with minute ventilation > 15 L/min

In the absence of the above conditions, emergency intubation and IPPV are not necessarily indicated

in the following circumstances before other therapies have been tried:

Dyspnea; acute respiratory distress

Acute exacerbation of COPD
Acute severe asthma

Acute hypoxemic respiratory failure in immunocompromised patients

Hypoxemia as an isolated finding

Traumatic brain injury

Flail chest

*Also applies to acute severe asttima if respiratory acidosis or airflow obstruction has worsened despite aggressive management with bronchodilatore and other therapy-

COPD = chronic obstructive pulmonary disease

Fjoi = fraction of inspired oxygen

NPPV = noninvasive positive-pressure ventilation

IPPV - invasive positive-pressure ventilation

IPPV; the same cautions and exclusions as with COPD can

be assumed to apply. Although NPPV has not been proven

to be effective in acute seveie asthma, the indications for

IPPV in that condition are otherwise probably similar to

those in COPD exacerbations.

Ventilatory muscle weakness is the primal^ cause of ARF
in neuromuscular disorders, and it is logical to use assess-

ments of ventilatoi7 muscle function, such as vital capacity

and maximum inspiratory pressure, in deciding whether to

institute IPPV. At present, however, the threshold values for

those measurements below which outcomes can be improved

by IPPV remain undefined. It would seem desirable to inter-

vene before frank ventilatory failure occurs in patients with

rapidly worsening ventilatory muscle function, and this is

probably one clinical setting in which acute respiratory aci-

dosis of any severity should lead to prom|it intubation.

Although IPPV remains a mainstay of the management of

acute hypoxemic respiratory failure, there is no convincing

evidence that hypoxemia per se is an indication for invasive

ventilatory support. On the other hand, simply relieving ar-

terial hypoxemia may not be enough in patients with in-

creased work of breathing and respiratory distress in condi-

tions such as diffuse pneumonia and acute lung injury. The

presence of substantial acute comorbidity, particularly car-

diovascular instability, or of altered mental status, in a patient

with acute hypoxemic respiratory failure, should push the

clinician toward intubation. In immunocompromised patients,

in whom IPPV causes discomfort and is associated with poor

outcomes, NPPV appears to be preferable in initial manage-

ment if there are no contraindications to its use.

Finally, although IPPV is often required in patients with

traumatic brain injury or flail chest, the indications for
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inlLib;it:i)ii and iniliation oi \'ciililatoi\ suppoil in ihosc

conditions do noi appear io he (.litTerent IVdmi (hose for

other patients w iih tiaiinia. In all instances, clinicians must

consider the indixidua! aspects of each case and use cMn-

ical Judgment in applying the indications and potential

indications lor IPPV discussed in this article.
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Discussion

Epstein: You sort of alluded to it,

but another implication of the lack of

criteria for intubation and the efficacy

of noninvasive ventilation is when we

do outcome studies of patients who

require invasive mechanical ventila-

tion. Many patients, as you say. get

intubated without needing it, yet those

patients often are included in survival

analyses. I don't expect you to have a

good answer to this, but it's some-

thing that all researchers have to take

into account when analyzing outcomes

for patients with invasive mechanical

ventilation.

Pierson: That's absolutely right.

This word "required" as used in the

medical literature is a curious thing:

The patient "required" independent

lung ventilation: the patient "required"

30 cm H,0 of PEEP: the patient "re-

quired" intubation and mechanical

ventilation. What that really means is

that that was done, and the evidence

that the patient actually required it in

order to have a better outcome is

really missing from the equation. I

think that is one of the major imped-

iments to our becoming more specific
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and scientific in sorting out some ol

these issues.

Curtis: Would it be lair to say that

in the last 20 or so years of traveling

around the world and talking about

this and writing about it. that you ac-

tually know less now than you did 25

years ago?

Pierson: 1 don't think that statement

would necessarily apply more to this

topic than to most of the other topics

on which I speak.

Curtis: With regard to the Level 1

evidence, you showed a lot of ran-

domized controlled trials with 12 to

20 people in each arm. 1 think very

small randomized trials are a problem

in critical care research and in clinical

research in general. 1 wonder whether

one of the recommendations that

.should come from this conference is

that we really need to encourage in-

vestigators to do larger studies, not

just because of power issues, but also

even in the positive trials, because of

the issue of statistical stability.

Pierson: 1 think that's a very im-

portant point. Bill Sibbald's group did

a systematic review of published re-

ports of noninvasive ventilation in car-

diac pulmonary edema a couple of

years ago and found a general trend in

favor of it being good, but commented

on the poor quality of all the included

studies.' I don't know of any other

meta-analyses, just because the

amount of data available generally

hasn't reached that threshold yet. but I

think that's going to be very impor-

tant to do. One of the reasons that I

didn't attempt a suminary table on all

the different studies that I summarized

for you was that they all used such

different definitions and entry criteria

and treatment algorithms that it's very

difficult to compare the results. As you

say, they have small numbers of pa-

tients, and the science here has not

progressed very far. Certainly if you

compare the level of evidence that we

have for all ol these things to the le\ el

of e\'idence that we ha\e with all ol

the cardiology inter\entions. for ex-

ample, often in thousands of patients,

it really is humbling to observe the

rather crude le\el of the knowledge in

our field.
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Maclntyre: You didn't spend a lot

of time on the risks or complications

of mechanical \entilation. The reason

I'm bringing it up is that 1 think when

you make a decision to put somebody

on a ventilator, it really is a balance

between whether the benefit you think

you're going to get from the ventila-

tor outweighs the risks of the ventila-

tor. One of the things we've learned a

lot about over the last 10 years, or

since the first conference in 1982. is

the amount of harm that can be done

with ventilators. You mentioned

briefly the issue of barotrauma, but

there are also issues regarding pneu-

monia, sedation, discomfort, and cost.

All of these things come into the de-

cision to place somebody on a venti-

lator. So. rather than just put up a list

of goals, you almost have to put up a

list of indications, and then on the op-

posite side put of a list of risks or

problems, because the clinical deci-

sion-making is about trying to figure

out which way the balance goes.

Pierson: Except for the study I sum-

marized on CPAP in hypoxemic

respiratory failure, in which more com-

plications were found in the non-

invasive group, that was really nonin-

vasive versus nothing, and neither

group had intubation very much, so it

doesn't really count. Except for that,

all the studies that I summarized, if

they showed any aspect of differences

in complications, showed fewer com-

|ilicalioiis 111 people llial didn't gel in-

tiibatetl. I think lliat one general con-

clusion we can inobably draw is that

111 2001 we should probably be intu-

bating and ventilating fewer people

than we have in the past, and that an

impt)rtant goal of therapy is to avoid

intubation whenever we possibly can.

Durbin: 1 want to ask you to com-

ment on a concern of mine. The stud-

ies you presented all had carefully con-

trolled groups, where there was a

period of time when the investigators

could logically sort out the issues and

decide whether to randomize them.

The clinician faced with a patient in

extremis, who isn't sure if it's a re-

spiratory issue, cardiac issue, or im-

pending sepsis, has to make a deci-

sion whether to intubate, without the

thoughtful process to decide what ac-

tually is going on. The risk of not in-

tubating patients under those condi-

tions may be the reason why clinician

assessment of respiratory distress was

such a high indication on many of the

reported reasons for intubation. When

you don't know what's going on. at

least you can take the airway risk out

of the equation. None of the patients

reported in those studies, as I recall,

actually had massive aspiration, gas-

tric distension, or difficult airways.

Gastric distress and aspiration are risks

of not intubating patients. I don't know

how important these risks are in gen-

eral ICU practice. These risks are be-

lieved to be high in the operating room

and other places where endotracheal

tubes are placed, based specifically on

the assessment of aspiration as a high

risk.

Pierson: I think that is a very well

made point. Charlie, and it needs to

be clarified that there is no question

that intubation in an emergency set-

ting has been life-saving and revolu-

tionary in out-of-hospital care, for ex-

ample, with rescue in the field by

paramedics. Rescue on the ward in the

middle of the night when somebody's

suddenly discovered to be nearly ap-
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neic or in terrible respiratory distress,

is perhaps analogous to that, but that

should be distinguished from the sit-

uation in most of the studies I sum-

marized.

For example, consider immuno-

compromised patients who are gradu-

ally deteriorating and are moved to

the ICU. and people sat around strok-

ing their chins saying. "Gee. should

we intubate them, or not?" I think in

the circumstance where it appears like

a matter of immediate life or death,

intubation is clearly needed. In situa-

tions where we have time to assess

and monitor the patient and track

things over time, that's where I think

we can perhaps implement attitudes

to hesitate and delay and avoid semi-

elective intubation in people who are

deteriorating or in whom it might well

be avoided.

Epstein: I also wanted to disagree.

Although I'm an advocate of nonin-

vasive ventilation. I think we have to

be careful about over-application and

over-reliance. I believe there are data

to suggest that when patients fail non-

invasive ventilation they may deteri-

orate and end up doing worse.
' "' I think

the noninvasive ventilator sometimes

hinders our ability to really know

what's going on with those patients.

There are some data to suggest that a

delay in establishing adequate venti-

latory support may lead to a poor out-

come. '-'• So I think we have to take

that into account and not be too per-

sistent with noninvasive ventilation

when the patient is failing. Also we

have to be cai'eful about extrapolating

from studies done by the world's ex-

perts, in which the success rate exceeds

that which we experience and most com-

munity practitioners experience.
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Pierson: That's absolutely true. It

has taken us years at Harborview to

get to the point where we can even

approach the success rates in nonin-

vasive ventilation in COPD patients

that are recorded in all the series.

Hess: To follow up on Scott's point,

if we look at a study by very good

clinicians and investigators. Brochard

et al in the New England Journal of

MedicineJ one of the things I like to

point out is that for 75 patients en-

rolled, there were 275 patients who
were screened. So patient selection is

very important.
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Pierson: That's the difference be-

tween efficacy and effectiveness, in

terms of everyday clinical practice.

Curtis: I'd like to follow upon Char-

lie's point and maybe challenge it a

little bit. When I'm in the medical ICU

attending in our hospital, it's certainly

true that what 1 teach residents is that

assessment of respiratory distress is

one of the most important and diffi-

cult issues when deciding when to in-

tubate somebody for respirators fail-

ure. But I wonder about the reasons

that we differ so much from cardiol-

ogists in terms of the state of our clin-

ical trials science and the size of our

studies. There are a lot of potential

reasons. One is that cardiologists, at

least in the field of myocardial infarc-

tion, have a definite disease entity and

clear diagnostic criteria that we do not

have in studies of mechanical ventila-

tion and respiratory failure. But I also

wonder whether there is a mindset in

critical care that we can't study these

things because we know them to be

good. How can you question whether

mechanical ventilation is good? We
had the same situation come up with

the right heart catheter where random-

ized controlled trials were tried and

clinicians wouldn't enroll their pa-

tients. I wonder whether to some ex-

tent we need to step back and ask our-

selves, "Do we really know that some

of these things we take to be obvi-

ously good, are, in fact, benefiting pa-

tients, not only in the short term but,

particularly, in the long term?"

Pierson: You're implying that there

may be a very different condition of

the state of equipoise among intensiv-

ists as compared to cardiologists, at

least in the studies they do. I think

that's right.

Weiler:* In my hospital I have the

problem that most of the intensive care

physicians or doctors think they are

familiar with the indications for intu-

bation, but they are not at all familiar

with the indications for noninvasive

pressure ventilation. Thus. I would rec-

ommend, if you talk about indications

for invasive positive pressure ventila-

tion, that at the same time you have to

speak of indications for noninvasive

pressure ventilation. If you see acute

lung failure as a process, and if you

could stop the process eaily with non-

*Norbert Weiler MD. Department of Anesthe-

siology. Johannes Gutenberg University Hospi-

tal. Mainz. Germany
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invasive pressure \entilation. \ou

would probably be able to a\(iid inlu-

bation. So these two indieatioiis should

be looked at in parallel.

Pierson: Good point.

Campbell: '^'oii didn't mention any-

thing about sedation. A lot of times

we think the patient has an indieation

for mechanical ventilation, but then

when we institute mechanical \entila-

tion, it doesn't t'i.x the problem. Si) it

really facilitates sedation and/or neu-

romuscular blockade. Would you con-

sider adding facilitation of adequate

sedation as an indication for mechan-

ical ventilation'^

Pierson: I'm glad you brought that

up because that is a huge issue at the

bedside in our daily practice. But I'm

often troubled by not being clearwhom
sedation is intended to benefit in those

circumstances. Clearly 1 can take any

patient, intubate them and paralyze

them, and all is calm and everything

looks fine at the bedside. That is sel-

dom in the best interest of the patient.

Intubation and invasive mechanical

ventilation for the purpose of being

able to adequately sedate the patient

clearly happens, and it clearly is an

existing indication sometimes. But in

actual practice as I have observed it,

that may be as much a manifestation

of the caregiver's wish to be in con-

trol of the situation and their dealing

v\ ith their own difficulties and anxiety

as It IS ol the primary needs of the

patient.

The topic of patient-Ncntilator syn-

chrony is an entirely ditt'crent and ex-

tremely important topic that I didn't

think fits into the area of indications.

Clearly. I think, there are patients w ho

are intubated because the clinicians at

the bedside are so desirous of doing

something to take their distress away.

and they can't figure out how to do it

without taking control of the patient

pharmacologically.

Branson: Dave, you showed the hy-

poxemia criteria as a P.,o, < 40 mm
Hg or a P;,o,/F|o^ ratio < 200. 1 won-

der how many people around the bed-

side, assuming that the nonintubated

patient has a P^q, o* ^^ ^™^^ Hg on

4(V/( oxygen, would consider intubat-

ing them? The answer is, nobody. And,

we see this all the time with some of

our thoracic surgeons who have pa-

tients on 1 OOVr oxygen, or assumingly.

by nonrebreathing mask, and they

slowly accept any P.o, above 60, de-

pending how bad the patient gets. The

French study on CPAP shows that

CPAP improves P,,, but doesn't re-

ally change outcomes.' But the early

studies on CPAP showed that it did

improve outcomes.- ' In one of the ear-

liest ones (from the Gainesville group)

they started treating people when they

had a P.,o,/Fio, ratio of < 300 with

mask CPAP.^ So that whole issue is

confusing for me. Outside of abject

hypoxemia, do you see any other P^oJ

F|,, ratio that means you ought to in-

tubate?
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Pierson: Your question allows me

to re-emphasize a point that I made in

the presentation, which is that impaired

arterial oxygenation by itself, as an

isolated single criterion for intubation

of mechanical ventilation, seldom if

ever occurs. Patients who are pro-

foundly hypoxemic are usually uncon-

scious, which would constitute, prob-

ably, a separate indication. So 1 doubt

that the average clinician would en-

counter a patient in whom the deci-

sion for intubation iif mechanical ven-

tilation would rest solely on the level

of oxygenation.
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Summarv

Alveolar (and thus arterial) P^, and P^q, clearly depend on minute ventilation. However, we need

to balance gas exchange goals against the risk of overstretching, especially of the healthier regions

of the lung. The plateau pressure is probably the best easily-obtained marker of the risk of stretch

in the lung, and a commonly quoted threshold is 30-35 cm 11,0, the normal maximum transal-

veolar pressure at total lung capacity. In establishing the proper balance of stretch versus gas

exchange, we need to address what levels of pH and P,,,,, we consider acceptable. There are no good

data to guide us on the lowest tolerable pH, but 7.2 is commonly quoted in the literature, and 7.15

was the lower limit of acceptability in the ARDS (acute respiratory distress syndrome) Network

trial. P(,^ levels as low as 55 mm Hg may be well tolerated, provided there is reasonable oxygen

delivery. In distributing the desired minute volume between respiratory frequency and tidal volume

( V^), a V, of 6 niL/kg ideal body weight has been shown to improve ARDS outcome, compared to

12 niL/kg. Thus, 6 niL/kg should be the "start point." Adjustments upward could be considered //

the plateau pressure is acceptable, in order to improve gas exchange or comfort. Conversely,

downward adjustments should be considered if the plateau pressure is high and the gas exchange

is acceptable. Frequency is adjusted for the desired minute ventilation. It must be recognized,

however, that as frequency (and minute ventilation) increases, the risk of air trapping and intrinsic

positive end-expiratory pressure (PF^EP) increases. Just like applied PEEP, intrinsic PP3EP in-

creases the baseline pressure and stretch upon which the V, is delivered. The end-inspiratory

stretch increases accordingly. The shape and duration of the flow pattern may affect gas mixing,

recruitment, cardiac function, intrinsic PEEP buildup, and patient comfort. It is also conceivable

that certain How patterns can produce an acceleration injury. Although small clinical trials using

physiologic end points espouse certain flow patterns, there are no good outcome data at present

supporting any particular approach. Some authors suggest that high-frequency ventilation (HFV)

might be considered an "ultimate" lung-protective strategy. HFV creates considerable intrinsic

PEEP, which, when coupled with sustained inflation maneuvers, can provide substantial alveolar

recruitment. In addition, the small V^ of HFV prevents excessive end-inspiratory distention. Al-
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thoiij>h considerable clinical data support the use of HFV in pediatric patients at risk for ventilator-

induced lunn injury, there are few data from adults. Whether HFV will prove valuable in well-

desijjned open lung strategies in the adult population still has to be determined. Key wonl.s: inccluinical

vcntikaiim. respiratory ficqiicncw lidal vulunic. pasinvc cnd-cxpinitarx pressure. t'EET. Iiigh-jrecpiency

ventilation, HFV. ventilator-iudueed liini; injury. jRespir Care 2()()2;47(3):266-274|

Introduction

Iinasi\e pdsitive-pressure ventilation provides ventila-

tory support through periodic tidal lunations of the lung.

Issues that need to be considered in setting frequency and

the \i)lunie of each inflation include the level of minute

venlilation (V,) support required, the potential for stretch

injiny in the lung, the potential for intrinsic positive end-

expiratory pressure (PEEP) buildup, and the effects of the

flow pattern and duration on gas exchange and comfort.

Optimal setting of the frequency-tidal volume (f-V, ) pat-

tern often involves balancing these sometimes competing

clinical goals.

Balancing Minute Ventilation Needs

and Overstretch Injury

Oxygen Demands, Carbon Dioxide Clearance, and

Minute Ventilation

Under normal resting conditions, total body oxygen de-

mand approximates 250 mL/min. and normal carbon di-

oxide production approximates 200 mL/min.' Under stress

conditions such as sepsis, fever, or trauma those values

can rise several-fold. Providing oxygen and carbon diox-

ide transport between the environment and the tissues is

the purpose of the cardiorespiratory system. Specifically,

the lung transports gases between the environment and the

pulmonary capillary bed: the cardiovascular system trans-

ports gases between the pulmonary capillary bed and the

various tissue capillary beds of the body.

The lung carries out its function in a 2-step process:

ventilation (moving gas between the alveolar space and

environment) and alveolar-capillary gas transport (moving
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gas between the alveolar space and the pulmonary capil-

lary). ^-^ Ventilation provides the alveolar gas content and

concentrations that serve as the driving pressures across

the alveolar capillary membrane (ie, alveolar pressures vs

mixed venous pressures). The inverse relationship between

alveolar ventilation (V^) and alveolar Pco, (Paco,) '*> ^^'

pressed as: Paco, = k X (Vco,/^^)- where V^-o, is carbon

dioxide production.

The direct relationship between alveolar ventilation and

alveolar Pq^ is expressed as: P^o, = Pio, - k' X {'V^^/Wq).

where Vq^ is oxygen consumption. P|q^ is the inspired

pressure of oxygen, which is the product of F|o, and baro-

metric pressure.

These relationships are illustrated in Figure l."* Note

from Figure 1 that increasing ventilation increases P^o. to

approach the Pk,, and decreases Paco, toward zero. Pul-

monary capillary blood P^,, and Pco, exiting these alveolar

regions will approximate those changes. With increasing

alveolar ventilation, blood carbon dioxide content will de-

crease along with the decrease in P^co, '"i^ P.|Co,- How-

ever, oxygen content, because it is primarily dependent on

hemoglobin, will plateau when hemoglobin oxygen satu-

ration approaches 100% at P^, levels of 90-100 mm Hg.

This explains why, in the setting of abnormal ventilation-

perfusion (V/Q) matching, high V/Q units can compensate

for poor carbon dioxide transport in low V/Q units, but

high V/Q units provide little extra oxygen transport to

compensate for poor oxygen transport in low V/Q units.-*

This also explains why increasing ventilation has much

more effect on carbon dioxide content than on oxygen

content, in both healthy and diseased lungs.

One of the primary goals of mechanical ventilation is to

support the Vg to ineet the oxygen and carbon dioxide

transport requirements in patients incapable of doing it for

themselves. This support, however, inust be balanced

against the stretch put on the lung by positive pressure

breaths.'^ As described below, there Is a growing concern

about overstretching the lung at end inspiration during

mechanical ventilation. Increasing ventilation increases this

risk of overstretching by 2 mechanisms. First, increases in

the set Vj above the set expiratory pressure and lung vol-

ume directly increase the end-lnspiratory stretch. Second,

as delivered ventilation is increased (especially In the set-

ting of a long Inspiratory-time-to-explratory-tlme ratio and

a long expiratory time constant), the risk of intrinsic PEEP

buildup develops.* That produces an elevated baseline
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Normal Low regional CL

Fig. 3. Concept of regional overdistention. When lung injury is

iieterogeneous, tiie tidal volume will distnbute preferentially to the

healthier regions, producing regional overdistention. Though lim-

iting the delivered tidal volume reduces the risk of overdistention,

only by limiting the end-inspiratory stretching pressure will the risk

of regional overstretch injury be reduced. (From Maclntyre NR,

Branson RD, eds. Mechanical ventilation. Philadelphia: WB Saun-

ders; 2000, with permission.)

Clinically Balancing the Minute Ventilation Need

with the Risk of Overstretch

In order to manage the necessary tradeoffs in providing

appropriate ventilatory support and avoiding overstretch

injiuy. clinicians must first have a reasonable way of as-

sessing the risk of overstretch injury. Simply monitoring

V ,- may not be sufficient, for 2 reasons. First, the effects of

PEEP (both intrinsic and applied) are not accounted for in

the estimate of end-inspiratory stretch if only V-p is con-

sidered. Second, lung injury is often heterogeneous. Under

these conditions, especially if there are large regions of

diseased lung, even a small Vj will be preferentially de-

livered to healthier regions, raising the Pp, ,, and creating

the potential for regional overdistention (Fig. 3).'"

For those reasons, an estimate of the end-inspiratory

transalveolar pressure would seem desirable to help guide

V-p selection. As noted above, the airway P ,,„ is often used properties

as a surrogate for this. It is important to note, however, that

the airway Pp|^| also reflects chest wall as well as alveolar

distending pressure." If chest wall compliance is near nor-

mal, the chest wall distending pressures are very low, such

that the airway Pp,,,, measurement is a reasonable estimate

of actual alveolar stretch. If chest wall compliance is ab-

normally low. however (eg. because of obesity, edema, or

dressings), that must be considered in assessing airway

Ppiiic- 0"<-" approach is arbitrarily to assume that 5-15 cm of

the airway Ppi^j may be due to a stiff chest wall. Ideally, an

esophageal pressure balloon can be placed to measure true

transalveolar pressure.

In trading off delivered Vg to protect the lung from

overstretch injury, the obvious clinical questions are: How
acidotic can a patient get and still be safe? How hypo.x-

emic can a patient get and still be safe? Respiratory aci-

dosis appears to be relatively well tolerated.^- Although

not yet carefully studied in large populations, a number of

consensus groups have agreed that pH as low as 7.15-7.20

is well tolerated in the absence of important cardiac dys-

function ( ie. vasopressors and dysrhythmias are often worse

than an acidotic environment) and in the absence of sub-

stantial cerebral mass lesions."^ Indeed, recent evidence

suggests that acidosis may actually protect against lung

stretch injury. "*' Hypoxemia can be well tolerated if there

are adequate compensatory mechanisms for oxygen deliv-

ery, such as cardiac output and hemoglobin reserves. In

general. Po, values in the 55-60 mm Hg range provide

adequate oxygen content and avoid the development of

pulmonary vasoconstriction.

Clinical Practice: Setting the Frequency

and Tidal Volume

Normal Ventilatory Pattern and the Minimal Work
Concept

For a given minute ventilation in the normal lung, com-

pliance or distending work will decrease as V-p is decreased

and frequency is increased. However, because VpA'-p in-

creases as V-p decreases, a higher Vp will be required for

a constant V^ under those conditions. Resistive work as-

sociated with flow will thus increase as V-p is decreased

and frequency is increased. Adding these 2 pressure/work

requirements together results in a specific pattern that re-

quires the minimum total work. Conceptually, the respi-

ratory center in the brain will tend to select this ventilatory

pattern so as to minimize the amount of work to he done

by the ventilatory muscles. The minimal work concept,

however, may not apply to sick lungs. This in large part is

due to the fact that lung injury is often heterogeneous

(see Fig. 3) such that a mechanically advantageous "glob-

al" V-p may not be appropriate when considering regional

Frequency-Tidal Volume Setting in Patients with

Lung Injury

The clinician should set V-p to assure that excessive

stretch is avoided— generally indicated as an airway Pp,.,,

(adjusted for possible effects of chest wall compliance)
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below 30-35 cm H,0. In patients with substantial lung

iniury an initial piessiiie or volume target setting that pro-

duces a V , of 6 mL/kg is a reasonable start point. That

setting may need to be adjusted downw ard if airway Pp,.,,

remains high and pH is in the acceptable range. Con-

\ersely, it may be adjusted upward if airway Pp,.,, is ac-

ceptable and there is a desire to improve gas exchange or

patient comfort. In patients w ith less severe lung injury or

with normal lungs (eg, neurologic injuries), larger initial

V| settings may be reasonable to facilitate comfort and

possibly contribute to some lung recruitment. Airway Pp,.„

measurements, however, must always be monitored and

V| settings should be adjusted to make these as low as

possible while still being compatible with the clinical gas

exchange and comfort goals. Automated systems designed

to set the f-V, pattern using the "minimal work" concept

noted above" need to shov\ that they follow those general

principles before they are adopted for clinical use in pa-

tients with sick lungs.

Pressuie targeting the V^ has different effects on patient

management than does volume targeting, and the choice

should depend on the clinical goals. If the clinical goals

are to provide a pressure limit and accept the possibility of

rising P^co, values (eg, a patient with high airway Pp,.,, and

acceptable P,,c-o ^nd pH values), the pressure-targeted

breath will reduce V j^ to prevent regional overstretch should

mechanics worsen elsewhere in the lungs. In contrast, if

the clinical goals are to provide a guaranteed Vp and car-

bon dioxide clearance, and the airway Pp,.,, is not of con-

cern (eg. a patient with a severe metabolic acidosis but

with low airway Pp,^,). the volume-targeted breath will

assure the desired Vg. even though regional overstretch

may occur should mechanics worsen elsewhere in the lungs.

Pressure-targeted breaths, because of their variable flow

pattern, may also facilitate patient-ventilator synchrony

(see below).

Once the Vy is chosen, the frequency is set to provide an

adequate pH. As noted above, the frequency setting must

take into account the potential for intrinsic PEEP devel-

opment at higher minute ventilations.

Inspiratory Time and Inspiratory-Time-to-

Expiratory-Time Ratio

In general, longer inspiratory time (T,) creates a longer

"dwell time" for gas mixing to occur. In addition, longer

T| also provides a longer period to recruit lung units that

have very slow inflation time constants.'' '* Long T,, when

it impinges on expiratory time, can also create air trapping

and intrinsic PEEP. All of these effects appear to play a

role in increasing both the mean airway pressure and the

arterial P,,, as T, is extended. Indeed, in the absence of air

trapping, longer T, will increase the mean pressure without

increasing the maximal or end-inspiratory distending-

Peak
alveolar

pressure

Increase extrinsic

PEEP

(=VT)

Increase l;E

(Intrinsic PEEP)

(|Vt)

Increase l:E

(No intrinsic PEEP)

Mean alveolar pressure

Fig. 4. Peak alveolar pressure as a function of mean alveolar pres-

sure increases produced by inspiratory time prolongation and pos-

itive end-expiratory pressure (PEEP). Increasing applied PEEP in-

creases both mean and peak alveolar pressure. Increasing

inspiratory time without producing air trapping will increase mean

but not peak alveolar pressure. However, once air trapping devel-

ops, mean alveolar pressure continues to increase, but the effect

on peak alveolar pressure depends on the ventilator mode. If tidal

volume (Vj) is held constant (volume target), intrinsic PEEP will

also increase peak alveolar pressure. In contrast, if peak pressure

is held constant (pressure target), V^ decreases. I:E = ratio of

inspiratory time to expiratory time. (From Maclntyre NR, Branson

RD, eds. Ivlechanical ventilation. Philadelphia: WB Saunders; 2000,

with permission.)

stretch pressure. Once air trapping develops, however,

intrinsic PEEP and a constant V, will push up the end-

inspiratory distending pressure, just as extrinsic PEEP does

(Fig. 4).

One of the "down sides" of long T, is that it sometimes

impairs patient comfort. A novel approach to address this

concern is the allowance of inspiratory and expiratory spon-

taneous efforts during the long inflation periods. This form

of ventilatory support has been termed airway pressure

release ventilation, bi-level ventilation, biphasic ventila-

tion, and bi-level positive airway pressure." Note that

with these strategies, although the upper inflation pres-

sures are held constant by the ventilator, the additional

inflation efforts by the patient may further increase the

end-inspiratory alveolar stretch.

It must be emphasized that all of these long-T, strate-

gies, though attractive physiologically and usually show-

ing improvements in Pq . have not been subjected to well

designed, large outcome studies. Simply achieving an

improved Pq does not necessarily translate into a better

outcome. Witness the ARD.S Network trial, in which the

larger-Vy strategy created higher mean airway pressures

and better arterial oxygenation-to-fraction-of-inspired-ox-

ygen (P,,o,)/F|oJ ratios during the first 3 days of the study

—

onlv to result in worse outcome from lung overstretch
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injury.-*" A recent outcome study that suggested benefit to

airway pressure release ventilation over conventional strat-

egies was flawed for several reasons: the ARDS Network

protocol was not used as the control group; there was a

requirement for 3 days of paralysis in the control group;

and there was randtnni/ation of much sicker patients into

the control group. '^

Flow Patterns

In concept, the more rapid initial flows of the pressure-

targeted breath will raise mean airway pressure and may

assist in recruitment and gas mixing. Clinical data suggest

benefit from using the decelerating flow pattern of the

pressure breath. ^'^""' although others have challenged this

by showing that the decelerating flow pattern of the vol-

ume-targeted breath may have similar effects.-" As with T,

manipulations, there are no outcome data supporting any

particular type of flow pattern.

The variable flow pattern of the pressure-targeted breath

may enhance flow synchrony, especially in patients with

very active respiratory drive. A number of studies have

shown that in that type of patient the variable flow pattern

does keep up with patient effort better than fixed flows of

the flow/volume-targeted breath.-*---'-' However, in patients

with less active respiratory drives, especially when a de-

celerating flow pattern is used with volume-targeted

breaths, this difference in breath targeting strategies prob-

ably has minimal effect.

Can Flow Patterns Affect Injury?

The very rapid initial flow that can occur with a pressure-

targeted breath may create shear stress injury in adjacent lung

units that have different time constants.-'^ Indeed, a recent

animal study suggests that this may be an important factor in

VILl. In that study the authors found that, for the same end-

inspiratoiA' distending pressure and V-, , the rapid decelerating

flow pattern produced by the pressure-controlled breaths cre-

ated substantially more injuiy than a much slower and con-

stant flow wa\e partem produced by their flow /volume-tar-

geted breath.-"' Further work is needed to elucidate this concept

and to determine the clinical importance of the rate of pres-

sure rise in the alveolus.

High-Frequency Ventilation

Conceptually, high-frequency ventilation (HFV) may
provide the "ultimate" lung-protective f-V-,- setting.-'^

-'^^

This form of ventilatory support uses very small Vj and

very rapid rates to provide gas exchange. Because the Vy
is usually less than anatomic dead space, gas exchange

between the ventilator and the alveoli with HFV must

involve nonbulk flow mechanisms such as Taylor disper-

sion, coaxial flow patterns, augmented diffusion, and pen-

CV HFV

Volume Time

Fig. 5. Concept of high-frequency ventilation (HFV) being the "ulti-

mate" lung protection strategy. Transalveolar pressures are plotted

on the vertical axis. Ideally, ventilator settings should be such that the

lungs are maintained above the derecruitment point ("a") and below

the overdistention point ("b"). HFV, with its buildup of intrinsic PEEP
and its very small tidal-pressure swings in the alveoli, conceptually

may achieve those goals more easily than conventional ventilation

(CV). (From Maclntyre NR. Branson RD, eds. Mechanical ventilation.

Philadelphia; WB Saunders; 2000, with permission.)

delluft tlow.-''^ Regardless of the mechanisms involved (and

they all may be important to various degrees), gas ex-

change is usually quite good in patients receiving HFV.

The high Vg output of this form of support (f-Vy prod-

ucts are usually several-fold higher than w ith con\entional

strategies) creates considerable intrinsic PEEP. This can

provide substantial lung recruitment, especially when cou-

pled with a recruitment maneuver from a sustained infla-

tion. At the same time, the very small tidal swings produce

a low maximum end-inspiratory distention (Fig. 5). This

combination of good lung recruitment and minimal tidal

stretch may translate into a reduced risk of VlLl.

Many of the data supporting the use of HFV comes

from neonatal and pediatric populations.-'^ The most com-

pelling data are from infants at risk for overdistention

injury, in whom HFV has been shown to improve not only

hospital mortality but also the long-term development of

bronchopulmonary dysplasia.'^" Small studies of adults have

shown that HFV can support gas exchange with lower

maximum pressures and good recruitment."^' A recent and

as yet unpublished study show s that there is a trend toward

increased survival in severe ARDS when using HFV
(Thomas Stewart, University of Toronto, 2001. personal

communication). Further studies are required to validate

that concept and compare HFV with aggressive conven-

tional mechanical \entilation strategies that are designed

to provide lung protection.

Summary

Setting the f-Vj pattern often invohes balancing

tradeoffs between competing clinical goals. Strong e\ i-

dence from the ARDS Network trial (as well as other

studies) suggests that Vy settings should be near 6 mL/kg

ideal body weight, with Pp,,, \alues well below 30 cm
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H-,0, to minimize the risk of VILI. The respiratory Fre-

queney ean be adjusted aeeording to a pH goal, but it must

be remembered that the risk for intrinsic PEEP buildup

increases with Vp. Larger V, settings may improve gas

exchange or comfort but should only be given if accept-

able Pp|.„ levels can be maintained. It must be appreciated

that respiratory acidosis and some degree of hypoxemia

may need to be tolerated in order to meet those goals.

Manipulations of the flow pattern/duration may miprove

gas exchange and/or comfort, but the ultimate outcome of

those adjustments is not known.
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Discussion

Hess: Neil, the ARDS Network trial

has,' I think, convinced everybody in

this room that we should use tidal vol-

umes of 6 mL/Kg. and keep the pla-

teau pressure less than 30 cm H^O for

ALI and ARDS. I noticed that your

general recommendation for setting

the tidal volume was 6 mL/Kg. But

what about the patient who does not

have ALI or ARDS? Do you also do

that for the patient with an acute drug

overdose? The patient who has ob-

structive lung disease?
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Maclntyre: Well. Dean. I think the

issue in lung injury or stretch injury is

that you"re not injuring the sick pails

of the lung, you're injuring the healthy

parts of the lung. And the healthy parts

of the lung are there in chronic ob-

structive pulmonary disease, in

asthma, in ARDS, in pneumonia, in

every place else. Therefore. I think

limiting lung stretch is limiting stretch

in those healthy regions of the lung. I

think 6 mL/Kg is a reasonable start

point. In other words, when I turn the

machine on and set the initial tidal

volume. I am very quick to increase

the tidal volume if the patient looks

uncomfortable and the plateau pres-

sure is very low. So I have a very low

threshold for going up. Indeed, in drug

overdoses and neuromuscular failure

it"s often reiy easy to do that. So I'm

not necessarily advocating that you put

6 mL/kg in and never ever change it.

or that it takes an act of God to change

it. Again. I have a very low threshold

for increasing it if the plateau pres-

sures are down in the high teens or

low twenties. On the other hand, if 1

put 6 mL/Kg in there and the plateau

is 29 or 30 cm H^O. I think long and

hard about increasing from there.

Kacmarek: Neil, a couple of things

you said seem to contradict what

you're saying right now. You said that

you are most worried about lung dis-

tending pressure. Then you said that

as long as the plateau pressure is

safe, any tidal volume is okay. My
question is. Is it really the tidal vol-

ume, or is it the amount of distention

that we create?

If I look at the ARDS Network

data' and Amato's data.- the thing that

is striking about both is that the pla-

teau pressure in the group that had the

best survival was < 28 cm H,0. To-

bin comments on that in his editorial.'

If you look at the data from the recent

partial liquid ventilation trial, although

very negative in relationship to partial

liquid ventilation, the control group of

pretty sick patients, although not nec-

essarily the same patients as in the

ARDS Network, had a mortality of

\59c and used a tidal volume of al-

most 10 mL/Kg, but they also used a

PEEP level of 14 cm HjO, and their

plateau pressure was less than 28 cm
H,0.

When we get into this tidal volume

discussion, as you're making reference

to, with situations other than ARDS,
we end up with much higher tidal vol-

umes than 6 mL/Kg. Since we are con-

cerned most about the amount of over-

distention, maintaining a safe plateau

pressure may be more important than

focusing purely on a tidal volume of 6

mL/Kg. Maybe 4 mL/Kg is better or

maybe 7 mL/Kg is better. We really

have no idea. All we know is that 6

niL/Kg is better than 1 2 mL/Kg.
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Maclntyre: Bob. Tin not sure how

ihai contiadicts what I said in my pre-

sentation: perhaps my presentation

v\asn"t as clear as I v\ould have liked

it to he. But 1 think 1 agree with ev-

erything you said. In showing the data

from the .ARDS Network trial and the

.Amato and Stewart' trials. 1 think it's

pretty clear that tidal volume is prob-

ahl\ not the cause of the injury—rather

it's the i-ciiional tidal \olume and the

rciiioiuil stretch that occurs: it's not

the iilohal tidal volume that causes the

problem. And the best indicator of a

regional stretch problem is the plateau

pressure. If the plateau pressure is less

than 25-30 cm H;0. I guarantee you

that even the healthiest regions of the

lung are not going to be overdistended.

So I think I'm agreeing with you. I

only put down 6 mL/Kg as a starting

point. Maybe I should underline and

highlight that that's Just a good place

to start. We have to start somewhere,

and if you're going to use volume-

targeted ventilation, it just seems that

that's a good place to begin, and then

adjust accordingly. As I tried to say to

Dean [Hess|. be ready to adjust fairly

quickly if you find, for instance, that

6 niL/Kg in a neuromuscular failure

patient results in atelectasis. poorCO^

clearance, and discomfort. My God,

go up! If the plateau pressure's in the

mid-teens, for heaven's sake, of

course, please go up under these cir-

cumstances!
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Hurford: Just to provide a little ad-

ditional comment on that, every year

in the operating room we mechani-

cally ventilate millions of people with

normal lungs, and we don't see stretch

injury. Also, traditionally in anesthe-

sia we went from smaller tidal vol-

umes to larger tidal volumes, because

with the smaller ones we noted atel-

ectasis and lower P.,,, . The result of

that, w hen we had very basic mechan-

ical \entilators without PEEP in the

operating room, was to increase tidal

volume to some point where the P,,,

,

seemed to be acceptable.

Wrigge et al' recently looked at a

population of normal patients under-

going traditional mechanical ventila-

tion in the operating room (albeit with

airway pressures less than the magic

numbers) and found no evidence of

stretch biotrauma as evidenced by re-

lease of cytokines in that patient pop-

ulation, which suggests that it was the

pressure and not necessarily a specific

tidal volume as being a magic num-

ber. So if you are to argue for starting

at a tidal volume of 6 mL/Kg, 1 guess

you could equally argue to move that

up to a tidal volume that gives you the

best conditions, not over a period of

hours, but within a period of several

breaths.
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Maclntyre:

that.

I have no problem with

Epstein: 1 just want to pile on here

about the default tidal volume for pa-

tients without ARDS and patients who

don't have obstructive lung disease. I

think it's pretty common to see wide-

spread atelectasis in patients who are

breathing with very small tidal vol-

umes and respiratory distress before

they get intubated. If we use very low

tidal volumes to start with, without

otherwise recruiting the lung and us-

ing a lot of PEEP, we're going to have

patients who are quite se\erely hy-

poxemic. My understanding of the

concept of stretch injury is that a brief

period at a tidal volume of 10 mL/Kg

probably is not going to harm the

patient.

The other issue has to do with the

AKDS patient who's improving. What

should be the criteria for starting to

increase that tidal volume? What

we've observed is that our clinicians

are now finally using low tidal vol-

umes (ie. 6 mL/Kg). but what hap-

pens is that as PEEP is being decreased

they don't adjust the tidal volume, and

we're ending up with widespread at-

electasis and severe hypoxemia. How
should tidal volume be adjusted as the

patient is recovering from ARDS?

Maclntyre: How should it be ad-

justed? Why do you want to adjust it?

Epstein: Because our observation

(and we have many in the room I'd

like to hear from) is that, as the pa-

tient starts to improve and we dial

down the PEEP toward a number that

gets the patient ready to be liberated

from the ventilator (5 cm HjO), at very

low tidal volumes these patients often

have a lot of atelectasis. Small tidal

volume, low PEEP—they get atelec-

tasis.

Maclntyre: I'm not quite sure how

to answer that. Our experience with

the ARDS Network trial is that that

was not much of an issue. As a matter

of fact, there were no provisions to

change the tidal \olume throughout

the duration of the study. In my insti-

tution we've pretty much adopted a

lot of the ARDS Network protocol in

our management of patients with

ARDS. and. to a certain extent, chronic

obstructive pulmonary disease, and

have not found the need to manipulate

the tidal volume—though perhaps

sometimes we do for comfort purposes

as their sedation lightens up— but not

in terms of gas exchange. Bob. can

you help me here?

Kacmarek: When you switched

o\er to pressure support, did you tar-

get the pressure support level to keep

the tidal \olume at 6 mL. or did you

allow the patients to assume their own

tidal volume?
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Maclntyre: The pressure support

was just a pressure support number: it

was an arbitrary number setup, so it

did not titrate to tidal volume. You"re

correct.

Kacmarek: So they frequently

might have had a tidal volume higher

than 6 mL/Kg?

Maclntyre: At that point in the

study, that is perfectly conceivable, but

they would also have been down to an

F,o, less than 0.40 and PEEP in the

range of ."^ cm H^O.

Kacmarek: But 1 think this is the

group, Scott [Epstein], that you're

making reference to: patients at that

point when you're getting ready to

evaluate them for weaning. We all tend

to let them breathe on their own and

establish their own tidal volume.

Maclntyre: When they're at that

point where we're getting ready to

evaluate them for weaning, we tend to

let them breathe on their own and es-

tablish their own tidal volume. 1 get

the sense around this table that we're

all pretty much in consensus that the

plateau pressure is what you are most

concerned about and that the arbitrary

settings of tidal volume actually are

of less concern.

Blanch: 1 would like to ask a ques-

tion regarding respiratory rate. In the

ARDS Network trial, respiratory rate

was quite high, but there are some data

coming from John Marini's group'

showing that at high respiratory rate

there is more ventilator-induced lung

injury. I would like your opinion on

that, and if you think that hemody-

namics and the pressure on the pul-

monary artery is something that we
need to monitor before increasing res-

piratory rate.
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Maclntyre: This whole idea of ac-

celeration injury that I brought up from

that article from the Journal of Tniu-

nici' could also be translated into re-

spiratory rate, because the faster the

rate, often the faster the initial flow

and the higher frequency of stretch.

And you can go back even before John

Marini—in some of the original work

of Kolobow looking at stretch injury:

the animals that were ventilated 15 or

20 times per minute had worse injury

than the animals ventilated only 4 or 5

times a minute.- So frequency of

stretch may well be important here,

and the acceleration part of the breath

may also be important, hi that partic-

ular Journal of Trauma study, by the

way. the rate didn't have an effect. It

was the flow pattern that was far more

important than the rate.
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Sanborn:* It seems to me that this

whole field (the management of PEEP
and plateau pressure/tidal volume).

Neil, that you're dealing with (the fo-

cus of this cuiTcnt discussion) is about

ready to explode, in the sense that cur-

rent research is about to reveal new

information that will lead to better ven-

tilator management of ICU patients.

The literature is astounding, over-

whelming, and very encouraging, as

you said—that better ventilator man-

agement of ICU patients will follow.

It seems to me that there's an as-yet-

*Warren G Sanborn PhD. Nellcor & Puritan

Bennett/Tyco Healthcare. Carlshad. California

not-fully-understood interaction be-

tween PEEP, where you are on the

P-V inflation curve and what tidal vol-

ume is chosen (along with the patient's

disease state), and then, obviously,

how PEEP was selected and the re-

sulting degree of deflation and pla-

teau pressure/tidal volume, atelectasis

and. finally, lung physiology—not to

mention whether you have chosen to

define PEEP on the inflation limb or

the descending limb of the P-V curve.

I don't believe anybody has tied all

of these elements together yet. From

the CT scan pictures, showing lung

inflation and simultaneous fluid clear-

ance, you'd come to the conclusion

that you'd need to be on the descend-

ing limb of the P-V curve to pick best

PEEP: but identification of this best

PEEP is fraught with complexity. Yet

having said that—no matter how best

PEEP is inteipreted—you have no idea

whether the physiology is right, per-

haps even more so when defining

PEEP from the lung deflation P-V

curve based on some arbitrary proto-

col. If you choose a small tidal vol-

ume ventilation, is that approach (with

PEEP defined from the lung deflation

P-V curve) the best vis-a-vis working

on the inspiratory limb of the P-V

curve, and how does either kind of

ventilation compare with your last con-

cluding remarks regarding the pre-

sumed benefits offered by high fre-

quency ventilation?

Further, how we contrast conven-

tional ventilation based on optimal "best

PEEP." whether by conventional means

or by the more sophisticated means we

have today, with high frequency venti-

lation will influence our expectations.

I think there's so much still to be

learned, but we seein to be poised on

the cusp of some knowledge thresh-

old. However, some key missing

pieces remain, and. therefore we will

have to wait several years before all

of the information comes together to

yield the more complete picture.

Maclntyre: Warren. I share your

concern. In trying to ]itit this presen-
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lalion logL'ther il was \'cry dil'lRull to

separate oiil rret|uciK> and tidal \i)l

uiiie settings t'roni what Lluis Blanch

is going ti) talk about in terms ot lung

recruitment. Several speakers here

have alluded to the same thing—the

issue of recruitment maneuvers and

where those fit into all of these things.

As you say. I think things are explod-

ing right now in terms of our under-

standing of what we're doing. And it

comes back to the point 1 made at the

end of David Pierson's talk: that I think

that for all these many years we've

thought of a ventilator as a kind of

pump that doesn't ha\e much risk to

it. I think we're learning that it can

hurt a lot.

Kuhlen: 1 w ant to come back to the

question of whether the plateau pres-

sure really reflects what's happening

in all the regions of the lung, because

1 agree it's probably not the individ-

ual tidal \olume. but more the plateau

pressure. But there's work, for exam

pie by Eric Roupie,' that showed that

the plateau pressure does not neces-

sarily relate to the upper inflection

point or deflection point of the pres-

sure-volume limb, and he showed that

even if we stay below 30 cm H^O in

approximately 10% of the patients, it

might be above their individual inflec-

tion points.

1 don't want to introduce more con-

fusion, but. having done some inves-

tigations on electrical impedance to-

mography, you see there is a huge

variability of pressure-volume loops

in the lungs, and this might be seen

and made visible using this technique.

Even if you stay below a plateau pres

sure, even if you stay below an upper

inflection point for the sum curve of

pressure and volumes for the total lung,

it might not necessarily mean that there

are not any regions that are o\erdis-

tended within the lung. I think what

you said is related to the tidal volume

injuring those regions of the lung, and

1 think it's really important to find

some way to identify those regions in

Older to set the tidal volume appropri-

ately.

RK.KKRKNCE

1 RiHipic I . DanihrciMci M. Seivilki G. Men-

lec H. el AlriHis .S. Bcyclim L. el al. Tilrallon

of tidal voluinc ami induced hypercapnia m
acute respiratory distress syndrome. Am J

Respir Crit Care Med I995;I52(I):I2I-I28.

Maclntyre: .lust to add on to that. I

think the problem may be particularly

important in the obstructive lung dis-

ease patient The reason I say that is

because the plateau pressure measure-

ment is made at the end of the breath

during a no How condition so-called

static conditions. Supposedly, that's

the maximal point of the alveolar dis-

tention, but. m tact, in patients with

considerable obstructive lung disease,

the first part of the breath may go into

the very healthy regions of the lung.

way overexpand them, and then in a

pendelluft kmd of fashion, distribute

Itself to the more obstructed regions

ot the lung, such that the plateau pres-

sure may grossly underestimate what

kiiiil of stretch you initially put on the

healthier regions ot the lung. That

same phenomenon may occur in pa-

renchymal lung injury, because paren-

chymal lung injury often involves

small airways as well. So you're quite

conect. The plateau pressure is. again,

not a cutoff, its a rough estimate.

Weiler:* I would also like to com-

ment on the plateau pressure. I think

one of the problems is that manipula-

tion of tidal volume and inspiratory time

shiHild not primarily serve for the pur-

pose of lung recmitment. but to achieve

sufficient alveolar ventilation. You told

us that a long inspiratory time would

mean better gas mixing, and that for

this reason oxygenation would be bet-

ter. I think the main reason for im-

provement of oxygenation with long

inspiratory times is lung recruitment

*Norbert Weiler MD. Department of Anesthe-

siology, Johannes Gutenberg University Hospi-

tal, Main/, Germany

tltii ing iiis]-)iraluiii. We have done a lot

of dynamic CT-scans ami assessed re-

spiratory time constants. What we

have seen in ARDS patients and ani-

mals IS that vMth longer inspiratory

times you get continuous recruitment

during inspiration.

The problem is that we don't want

to have recruitment during inspiration

ami deiecruitment during expiration,

if PEEP is not high enough. We have

I'ound in ARDS lungs rather large com-

partments with very long inspiratory

time constants in the order of 10 sec-

onds or longer. These compartments

are clearly not addressable with con-

ventional breathing frequencies and

tidal volumes. The corresponding ex-

piratory time constants are much

shorter, which means that the lung can

collapse very rapidly: but to open it

up. if the PEEP is below the point

where it collapses, it needs 30, 40, 30

seconds, and 1 have had patients where

it needed half an hour or longer.

Maclntyre: That's one heck of a

recruitment maneuver.

Weiler: So that should be taken into

account if you go to the tidal volume

and respiratory rate decision.

Maclntyre: Fair point.

Curtis: To follow up on Ralf Kuh-

len's question. 1 have seen data from

the ARDS Network, which I've seen

Len Hudson present but that 1 haven't

seen published, showing a linear as-

sociation between static pressure and

survival—sort of a secondary analysis

showing that survival continued to im-

prove as static pressures got down well

below 30, 28, whatever magic cutoff

you want to use. And I heard him ar-

gue that there is nothing magical about

those static pressures, but that, in fact,

what you want to do is get the static

pressure as low as possible. He uses

that to argue against increasing tidal

volume, in ALl and ARDS, to above

6 niL/kg in response to a static pres-

sure below 28 or 25 cm H-,0.
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Macliityre: The data he argues from

is similar to the graph I showed you

(Fig. 2) that broke it into quartiies.

You're correct: there were no statisti-

cally significant differences among the

quartiies. But. at the same time. I think

it tells us that if the lung is pretty

healthy, if it's not tenibly injured, the

difference between 6 and 12 cm H2O

really does seem to go away. But even

with plateau pressures in the high 2()s,

there still appears to be an effect of 6

versus 12 cm H^O. and it comes back

to the issue of whether this 30 cm

H2O value really is a magic cutoff or

whether it ought to be lower. I'm not

sure anyone has the answer, but be-

cause of these distributional effects,

pendelluft effects, and perhaps other

effects we don't understand, even 30

cm HiO may be too high.

Pierson: I'd like to revisit this issue

of starting tidal volume in people with-

out acute lung injury. Bendixen et al'

showed 40 years ago that normal peo-

ple who were ventilated with physio-

logic normal tidal volumes, 5-b niL/

kg, for not very many minutes,

developed widespread atelectasis and

showed widened alveolar-arterial dif-

ference. In recommending an initial

tidal volume of 6 mL/kg for everyone,

and subsequently working up to it, I

want to make sure that clinicians don't

get the notion that that is something

that can he arrived at over several

hours, because the atelectasis may oc-

cur right away. In someone without

acute lung injury who is ventilated at

physiologic tidal volumes, I still think

the risk for clinically important atel-

ectasis remains, and that if you do start

with 6 mL/kg, you ought to be pre-

pared, as Bill Hurford said, to work

your way up and perhaps double that

very quickly, before atelectasis can oc-

cur in people with normal lungs.
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Maclntyre: Duly noted.

Weiler: The development of atelec-

tasis is really not a question of tidal

volume. If you would start every pa-

tient with a PEEP of 6 or 7, none of

these patients would develop atelecta-

sis. So you should never start with a

PEEP of zero. Every patient needs a

PEEP of at least 3 cm of water. Some

patients may need more PEEP but in-

dependent of the tidal volume applied.

The only thing you do with higher

tidal volume is you open up the atel-

ectases during inspiration, which you

generated during expiration with zero

PEEP.

Maclntyre: David [Pierson]. I

would agree with that. Using tidal vol-

ume to prevent atelectasis I'm not sure

is necessarily the right way to go. In

fact, physiologic tidal volumes with

some—I don't vsant to call it physio-

logic PEEP, but, if you will, compen-

satory PEEP—for being on a ventila-

tor, to prevent the atelectasis might

still be the more logical way to do it.
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Summary

Application of positive end-expiratory pressure (PEEP) in acute lung injury patients under me-

chanical ventilation improves oxygenation and increases lung volume. The effect of PEEP is to

recruit lung tissue in patients with diffuse lung edema. This effect is particularly important in

patients ventilated with low tidal volumes. Measurement of respiratory system mechanics in pa-

tients with acute respiratory distress syndrome is important to assess the status of the disease and

to choose appropriate ventilator settings that provide maximum alveolar recruitment while avoid-

ing overdistention. In patients with acute respiratory distress syndrome in whom the lungs have

been near-optimally recruited by PEEP and tidal volume, the use of recruitment maneuvers as

adjuncts to mechanical ventilation remains controversial. The application of PEEP in patients with

unilateral lung disease may be detrimental if PEEP hyperinflates normal lung regions, thus direct-

ing blood flow to diseased lung regions. In patients with air flow limitation and lung hyperinflation,

the application of additional external PEEP to compensate for intrinsic PEF^P and flow limitation

frequently decreases the inspiratory effort to initiate an assisted breath, thus decreasing breathing
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Introduction

Pe)sitive eiid-cxpualory pressure (PEEP) has became an

established therapy for patients with acute respiratory dis-

tress syndrome (ARDS) or with tlow limitation. Pioneer-

ing studies have shown that the application of PEEP in

acute lung injury patients undergoing mechanical ventila-

tion improves oxygenation, increases functional residual

capacity, and increases respiratory system compliance at

moderate levels, although at high levels compliance may

decrease.' * When patients with air tlow limitation and

lung hyperinflation develop intrinsic PEEP and have dif-

ficulties triggering the ventilator, the addition of applied

PEEP can be of considerable help.'^
'^

In addition to the lung injury induced by high inflation

pressures, animal research has revealed a form of lung

injury associated with an inflammatory response that is

caused when mechanical ventilation results in alveolarover-

distention and cyclic collapse and re-intlation of alveolar

units. ^-"' Consequently, cuirent recommendations for me-

chanical ventilatory strategies are based on the use of a

small tidal volume (Vy) in order to avoid high end-inspira-

tory alveolar pressures and alveolar overdistention. Addi-

tionally, the use of high PEEP levels to keep alveoli open

at end-expiration, thereby maintaining alveolar recruitment.

Three randomized clinical trials have recently shown that

treatment with a lung-protective ventilation approach (ie,

low V-j- and moderate-to-high PEEP to protect against ex-

cessive alveolar stretching) led to improvements in several

clinical outcomes in patients with acute lung injury or

ARDS. "-'3

The objectives are:

1. To review the effects of PEEP and V-p on lung re-

cruitment, lung overdistention, and patient-ventilator in-

teraction.

2. To describe physiologic factors influencing the re-

sponse to PEEP.

3. To identify strategies that would help to determine

appropriate PEEP selection.

Acute Lung Injury and ARDS

PEEP and Tidal Ventilation

Studies performed by Gattinoni et aH'-" using chest com-

puted tomography (CT) pro\ided direct evidence of alve-

olar recruitment with PEEP in ARDS patients, but also

showed that the impact of PEEP is not homogeneous;

some consolidated areas do not expand, while others are

overdistended. Consequently, high levels of PEEP are nec-

essary to stabilize the most dorsal units, promoting re-

gional recruitment and improving compliance in that re-

gion, and low levels of PEEP are necessary for the most

anterior, usually open, lung units. As a result, the PEEP

level that recruits dorsal/dependent lung units invariably

results in overdistention of anterior/nondependent units.

This effect of PEEP on regional recruitment affects the

distribution of tidal ventilation. Quantitatively analyzing

CT lung images in ARDS patients, Gattinoni et aH iden-

tified lung regions that showed recruitment during infla-

tion. Ranieri et al''* observed a significant increase in oxy-

genation with PEEP, and by constructing pressure-volume

(P-V) curves, they documented in some ARDS patients

greater recruitment of lung units at peak inflation or using

high V,."' Other studies have corroborated those conten-

tions. In early ARDS. Blanch et al'^ found that a high Vy

(compared to a low Vj) in conditions of matched PEEP

and minute ventilation ameliorated hypoxemia and im-

proved compliance. In a different way, Cereda et al"* ob-

served a progressive loss of respiratory compliance during

low V-, ventilation that could only be prevented by the

application of high PEEP. This finding suggests that ven-

tilation with low Vj can progressively induce lung dere-

cruitment, unless it is associated with concomitant appli-

cation of moderate or high PEEP levels.

Imaging studies using chest CT provided some answers

about the mechanisms of recruitment. Using chest CT dur-

ing a progressive increase of PEEP from to 20 cm H^O

of PEEP. Gattinoni et aH found that Vj distribution de-

creased significantly in the nondependent lung regions, did

not change in the middle lung regions, and increased sig-

nificantly in the dependent lung regions (Fig. 1). In other

words. PEEP reduces the reopening and collapsing of lung

tissue, keeping open the recruited lung tissue at end-inspi-

ration. If a moderate/high PEEP level is used in an attempt

to keep all alveoli open, the level of Vj should not exceed

the upper inflection point (UIP) in the P-V curve, because

recruitment is nonsignificant and further hyperinflation is

clearly caused, as shown by CT.'"' Other authors-"-' stud-

ied factors influencing PEEP-induced alveolar recruitment,

using continut)us thoracic CT sections from the apex to the

diaphragm, with and without PEEP. They found a cepha-

locaudal gradient of alveolar recruitment with PEEP but

derecruitmenl (increase in nonaerated tissue) was also ob-

served in the lung areas closest to the diaphragm cupola. In

fact, nonrecruiters with PEEP showed a marked reduction

in the volume of left lower lobes and no improvement in

oxygenation. It has also been found in ARDS patients that

alveolar recruitment and lung overdistention can be ob-

served in diffcrenl parts of the lung parenchyma after PEEP

application.'''---* Interestingly, this mechanism is similar to

that described in studies of unilateral lung injury-^ -" and

suggests that ARDS is a very nonhomogeneous disease.

Finally, the response to PEEP and possibly V^- on re-

cruitment might depend on the cause of the lung injury or

differences in lung morphology. Gattinoni et al-^ observed

that llie response to PEEP on end-expiratory lung volume
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Fig. 3. Percentage of acute respiratory distress syndrome patients

in whom plateau pressure (Ppia,) would exceed the upper inflection

point (DIP) as a function of tidal volume applied during ventilation

with positive end-expiratory pressure. (From Reference 34, with

permission.)

Overdistention and repetitive opening and closing of

alveolar unit.s seem to contribute to progressive lung in-

jury. Ventilator strategies focused on preserving a certain

end-expiratory pressure (ie. preventing collapse) and lim-

iting the tidal excursion of each breath (ie, preventing

overdistention) might attenuate ventilator-induced lung in-

jury. Static P-V curves of the respiratory system performed

at the bedside can help clinicians to accomplish those goals.

The investigation by Amato et al-^^ demonstrated the utility

of such an approach. However, some confounding factors

need to be addressed in order to fully understand the utility

and limitations of the P-V curves.

In mechanically ventilated ARDS patients Ranieri et

al-'''' showed that the mechanical properties of the respira-

tory system differed greatly, depending on the underlying

disease responsible for ARDS. Those authors obtained static

P-V curves of the respiratory systems of ARDS patients

and found an increase in respiratory system compliance

with inflation volume in those patients with medical ARDS.
The contrary occurred in surgical ARDS patients, in whom
a decrease in compliance was found with inflation volume.

Static inflation P-V curves of the chest wall and abdomen

also differed between medical and surgical ARDS patients.

Surgical ARDS patients showed decreased chest wall com-

pliance and flattening of the abdominal P-V curves. Those

data suggested that the tlattening ot the P-V curves of the

respiratory system observed in some ARDS patients may
be partly due to the decrease in chest wall compliance

related to abdominal distention. Data from Ranieri et al"'

showed that the values of V , that corresponded to the UIP

were about 28% greater when estimated from the lung P-V

curve, as opposed to the respiratory system P-V curve.

However, the severity and changing conditions of some

patients may require determination of the lung P-V curve

(and therefore an est)phageal balloon) to determine the V^

that ensures an inflation pressure above PEEP in the lower

vicinity of the UIP.

The contribution of the chest wall could also be mani-

fested in the LIP. Mergoni et al" found the contribution of

the chest wall to the LIP to be as high as 4.7 cm H^O.

Application of PEEP reduced the LIP on all P-V curves

and favored the appearance of UIP (at 27 ± 5 cm H^O) in

80% of the patients. This finding suggests physiologic

explanations (chest wall) other than recruitment for the

presence of the LIP in the respiratory system P-V curve.

However, the lower LIP values attributable to the chest

wall should not mislead physicians in setting the best level

of PEEP in ARDS patients. The LIP caused by collapse

and opening of diseased alveoli is usually much higher

than the LIP caused by alterations in chest wall mechanics.

Based on mathematical models and studies peiformed

in patients with acute lung injury, Hickling''* and Jonson et

al^"'-*" proposed that recruitment should continue on the

linear portion of the P-V curve and end or diminish at the

UIP without substantial lung overdistention. Thus, optimal

PEEP is clearly higher than the LIP observed in the P-V

curve. When recruitment diminishes or ends, a decrease in

the slope is obser\ed and compliance falls linearly with

increasing volume. Static P-V curves of the respiratory

system appear to be useful to assess recruitment and phys-

iologic-based ventilatory support in ARDS patients. In fact,

in the study by Amato et al,-*^ the ventilator was set under

guidance of the P-V curve.

Although information derived from P-V curves seems

very exciting clinically, several important questions re-

main to be answered, such as the frequency of the P-V

curve measurement, and it is necessary to find a simple

method to obtain and analyze P-V curves at the bedside.

Moreover, if both inspiratory and expiratory P-V curves

are constructed, the inflation limb of the P-V curve may

depart progressively from the expiratory limb, drawing

what has been called the "P-V envelope," and showing

different values of opening and closing pressures.-" Using

a mathematical model, Hickling^- found that after full lung

recruitment, the maximum P-V slope during a decremental

PEEP trial with a low V-, may be a useful method to

determine open-lung PEEP in ARDS.
A particular problem arises when an ARDS patient does

not show an LIP on the static respiratory system P-V curve.

Vieira et al-' and Rouby et al--* showed that the presence

or absence of an LIP on the P-V curve was associated with

differences in lung morphology. In patients without an

LIP, normally aerated lung areas coexisted with nonaer-

ated lung areas, and increasing levels of PEEP resulted in

lung overdistention rather than in additional alveolar re-

cruitment. In patients exhibiting an LIP. air and tissue

were more homogeneously distributed within the lungs,
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Fig. 4. Analysis of the lung morphology (measured by computed

tomography) in acute respiratory distress syndrome patients. Pres-

sure-volume curves obtained at zero end-expiratory pressure in

26 patients with lobar attenuations (open squares), 29 with patchy

attenuations (open circles), and 16 with diffuse attenuations (closed

circles). The identification of lower inflection point in the static inspira-

tory pressure-volume curve was only possible in patients exhibiting

diffuse lung infiltrates. (From Reference 24, with permission.)

and increasing PEEP resulted in additional recruitment

without lung overdistention (Fig. 4).

Recruitment Maneuvers During Ventilation with

High PEEP

High levels of PEEP might be necessary to stabilize the

most dependent lung units, promoting regional recruitment

and improving compliance in that region, and low levels of

PEEP are optimal for the most nondependent, usually open,

lung units. Since alveolar derecruitment is a deflation phe-

nomenon, the best PEEP to prevent lung derecruitment is

probably higher than LIP + 3—1 cm HoO. Opening a

region of collapsed alveoli depends on the superimposed

pressure and the threshold opening pressure (both being

dependent on the lung morphology) and the cause and

stage of the ARDS.-'-^-^' When PEEP is insufficient to

induce alveolar recruitment, compression atelectasis oc-

curs and the resulting opening pressure of the lung is greater

than 30 cm H^O.-" -''^

Recruitment maneuvers have been proposed as an ad-

junct to mechanical ventilation in anesthesia and ARDS.
Several authors-"^ ^'' have found that recruitment maneu-

vers during general anesthesia in healthy patients re-ex-

pand collapsed lung tissue. In ARDS patients the applica-

tion of periodic sighs'^" or transient elevations in airway

pressure^' "^^ increased oxygenation, probably related to

alveolar recruitment. Although sustained inflations aimed

to produce lung recruitment have been recommended in

patients receiving mechanical ventilation, it is not known

w hcthcr recriHiinciu luaiicuvcrs are beneficial when ARDS
patients arc \cntiiated v\iih high PFiEP, Van dcr Kloot et

al"'^ found no effect from rccruiimcni nianeu\ers in exper-

imental animals with acute lung injury ventilated with a

PEEP level higher than the LIP of the static P-V curve of

the respiratory system. Moreover, Richard et aP^ performed

recruitment maneuvers in ARDS patients already venti-

lated with high PEEP and found that increasing PEEP or

performing recruitment mancu\ers appeared to be the 2

strategies to counteract low V,, and moderate PEEP in-

duced de-recruitment. When recruitment maneuvers

were performed in patients already ventilated with high

PEEP, oxygenation modestly improved and had mini-

mal effects on oxygenation support requirements, sug-

gesting that recruitment maneuvers were not effective

when the lungs have been near-optimally recruited by

PEEP and Vt-.'^-"

Effect of PEEP in Patients with Unilateral Lung
Injury

Pioneering studies on unilateral lung injury (lobar pneu-

monia in dogs) found that the consolidated lung regions

did not expand fully during inflation to total lung capac-

ity.-''* Impaired mechanical properties of the consolidated

lung were associated with very poor ventilation. More-

over, hypoxemia was due to both increased shunt and

ventilation-perfusion mismatch in the infected regions, and

local hypoxic vasoconstriction was in most instances in-

effective in directing blood flow away from the consoli-

dated lobe.*^'' In such specific circumstances, the effect of

global PEEP on regional lung volume may be unfavorably

distributed; normal lung regions with normal compliance

will tend to hyperinflate. whereas affected lung regions

with decreased compliance will tend to remain collapsed.

Currently, differential ventilation with selective PEEP^'"

and positioning the patient with the "good lung down"'^' '^-

are the 2 accepted treatment strategies to improve oxygen-

ation in severe unilateral lung injury, although both have

serious limitations in clinical practice.

Recommendations for Vj and PEEP applications during

mechanical ventilation have been made in clinical practice

primarily to patients with diffuse lung injury and not to

patients with unilateral lung injury. Recent findings sug-

gest that ARDS patients can behave similarly to patients

with unilateral lung disease, because the left lower lobes of

some ARDS patients do not inflate or \entilate with the

addition of PEEP.-' Application of PEEP in patients w ith

collap.sed and nonrecruilable lung units did not improve

gas exchange, not unlike the situation described in pa-

tients''' or experimental animals with unilateral lung in-

jury. Because the settinii of the \enlilator (PEEP and

V^) has dramatically changed in recent years, appropriate
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Fig. 5. Atelectasis assessed witti computed tomography of the

total respiratory system. Time course of atelectasis formation at

different gas compositions. Anesth = anesthetized group. Values

along horizontal axis represent time (min) after recruitment ma-

neuver. Open bars: fraction of inspired oxygen (F|qJ = 0.4 after a

recruitment maneuver. Hatched bars: P., 1 after a recruitment

maneuver. Values are mean
mission.)

SD. (From Reference 47, with per^

levels of PEEP and V.^ for patients with unilateral lung

disease warrants further clinical investigation.

Fraction of Inspired Oxygen

The risk of oxygen toxicity increases at high fraction of

inspired oxygen (Fio,).^"^ although the safe F,o, level in

patients receiving mechanical ventilation is not known.

There is a general agreement that F|q should be as low as

possible, although the limits of permissive hypoxemia are

also controversial.'* Interestingly, the composition of in-

spiratory gas plays an important role in the recuirence of

collapse of previously re-expanded atelectatic lung units

during general anesthesia."''''** Re-expansion had a sus-

tained effect for at least 40 minutes when 40% oxygen in

nitrogen was used. However, if pure oxygen was used

after re-expansion, lung collapse reappeared within a few

minutes (Fig. 5). Moreover, in patients with acute lung

injury, Santos et al"^ found that breathing 100% oxygen

deteriorated intrapulmonary shunt, probably in relation to

the development of reabsoiption atelectasis resulting from

alveolar denitrogenation.

Asthma and Acute-On-Chronic Obstructive

Pulmonary Disease

Overview of the Problem

Despite the difference in pathogenesis and outpatient

management, the therapy is similar for acute exacerbations

of both acute and chronic obstructive pulmonary disease

(COPD). Systemic corticosteroids and inhaled bronchodi-

lators arc the cornerstone of therapy for COPD and asthma

exacerbations. But, despite maximum medical therapy, it

is estimated that 1-3% of those patients may require in-

tubation and mechanical ventilation. '"'*•'''

Mechanical ventilation of patients with airway obstruc-

tion may be associated with substantial morbidity and mor-

tality.™^' A substantial number of deaths may be attrib-

uted to suboptimal ventilator management. The ventilatory

strategy may focus attention on the detection and preven-

tion of dynamic hyperinflation and ct)mplications thereof

to help reduce the risks associated with mechanical ven-

tilation in these patients.

Asthma and COPD are common diseases with a heter-

ogeneous expression and it may be difficult to differentiate

one from the other, especially in the elderly. Asthma pro-

duces intermittent or chronic symptoms caused by epi-

sodic airway obstruction. There appears to be a genetic or

familial basis, but expression of the disease may be deter-

mined by environmental triggers that include allergic, in-

fectious (viral), or other environmental exposures. ^-^^ The

American Thoracic Society defines COPD as a disease pro-

cess featuring progressive chronic air flow obstmction due to

chronic bronchitis, emphysema, or both.^-* The obstruction of

air flow may be partly reversible, and some patients inay

manifest bronchial hyper-responsiveness. Excluded from this

definition is asthma, which may also cause chronic air flow

obstruction and may be difficult to distinguish from COPD in

some cases. Although the definition of chronic bronchitis is

clinical, it has been suggested that a pathogenic definition

could be used for COPD, considering the central pathogenic

role of an inflammatory process that progressively leads to

obstruction by causing fibrosis and distortion of terminal air-

ways, loss of alveoku- attachments, hypersecretion of mucus,

and contraction of smooth muscle.^-''''*

The ventilation strategy in the setting of acute respira-

tory failure may be conditioned by the cause of respiratory

deterioration, but, in general terms, ideal ventilator set-

tings are aimed at reducing dynamic hyperinflation by

limiting minute ventilation using appropriately low V-p and

respiratory rates, and by maximizing expiratory time.^^

PEEP is a therapy for the application of positive airway

pressure at end expiration, in conjunction with positive-

pressure ventilation 7'* The sum of externally applied PEEP
and the PFFP caused by dynamic hyperinflation is the

alveolar pressure (P^k), which determines aerated volume

at end expiration.''^

Dynamic Pulmonary Hyperinflation

Dvnamic hvperinflation is defined by an increase in the

end-expiratory lung volume (EELV) above relaxation vol-

ume because of dynamic forces at end-expiration.*"'"**- Mea-

surement of dynamic hyperinflation has been reported only

during controlled mechanical ventilation by allowing a
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Fig. 6. The measurement of dynamic hyperinflation during con-

trolled mechanical ventilation. Arrows indicate end-expiratory and

end-inspiratory airway occlusions. A complete expiration is al-

lowed after disconnecting the patient from the ventilator. The value

of dynamic hyperinflation (ie, the change in end-expiratory lung

volume [AEELV]) is the difference between EELV and the relax-

ation volume (Vr). (From Reference 82, with permission.)

complete expiration after disconnecting the patient from

the \entiiator (Fig. 6). Dynamic hyperinflation occurs

whenever the time available to e.xhale the V, is shorter

than the time required to decompress the lungs to relax-

ation \oluine. Nevertheless, flow limitation during tidal

e.xpiration. probably due to dynamic compression of the

small airways, is a major mechanism determining dynamic

pulmonary hyperinflation and intrinsic PEEP (see below)

in acute exacerbation of COPD. In mechanically ventilated

patients, the ventilator settings as well as the added resis-

tance due to the endotracheal tube or ventilator tubing and

circuits can play a role in determining dynamic hyperin-

tlation.

£
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Fig. 8. Determinants of the collapsible segment with dynamic hyperinflation and flow limitation. Segment (Seg) S = segment between the

alveoli and the collapsible portion of the airway. Seg D = segment between the airway opening (mouth) and the collapsible portion of the

airway. P^^v

permission.)

alveolar pressure. Pp pleural pressure. P^ = pressure at the airway opening (mouth). (From Reference 90, with

sure with PEEP could indicate a decrease in PEEPi and a

decrease in tiie inspiratory wori^ of breathing (WOB).**^'

Clinical Scenarios

PEEP, Without Lung Distention. Although PEEPi usu-

ally implies dynamic hyperinflation, the 2 are not synon-

ymous. Lung volume can be normal in the setting of per-

sistence of flow at the end of exhalation caused by the

activity of the expiratory muscles. As a consequence, P^,,

will be positive and the gradient of alveolar to central

airway pressure will produce PEEPi. ^'^^°

Dynamic Hyperinflation Without Flow Limitation.

Under conditions of very high ventilatory requirements or

severe air flow obstruction, the lungs do not have time

during passive deflation to decompress fully to their equi-

librium \olume (relaxation volume). As a result, flow per-

sists to the very end of exhalation, driven by the difference

in pressure between the alveolus and the airway opening. ^^

Dynamic Hyperinflation With Flow Limitation. The

majority of patients ventilated for acute exacerbations of

air flow obstruction experience dynamic airway collapse

and flow limitation during tidal exhalation. As exhalation

occurs, the intraminal pressure of a collapsible segment

drops further until it becomes lower than the sun-ounding

intrapleural pressure, at which time the segment collapses.

In that setting, increasing expiratory effort simply raises

P^i, without improving expiratory air flow (Fig. 8).''"

Application of PEEP

PEEP is most often applied to patients with acute re-

strictive lung pathology, to improve oxygenation and lung

function in the context of ARDS, but also in other pathol-

ogies such as obstructive lung pathology. In patients with

acute exacerbations of COPD under mechanical ventila-

tion, who usually exhibit dynamic hyperinflation, the pres-

ence of PEEPi increases the work of spontaneous breath-

ing and can cause hemodynamic disturbances.*" *- **' During

assist ventilation and weaning, application of PEEP has its

major impact on the breathing work load. In that scenario,

the application of additional external PEEP to compensate

the PEEPi and flow limitation frequently decreases the

inspiratory effort to initiate an assisted breath. If the pres-

sure generated by the inspiratory muscles is lower than

PEEPi and thus insufficient to trigger the ventilator, an

ineffecti\e effort occurs.'" During controlled mechanical

ventilation the application of PEEP has no impact on the

energetics of breathing unloading the inspiratory threshold

load. In that setting, application of PEEP decreases cardiac

output and increases the risk of barotrauma, because of the

high alveolar pressure caused by PEEP.

The effect of PEEP may well depend on the severity and

homogeneity of the obstructive process, the minute venti-

lation requirement, the activity of expiratory muscles, and

the existence of dynamic airway collapse.

Application of PEEP Without E.xpiratory Flow Limi-

tation. When PEEP is applied to the central airway of a

passively ventilated patient with PEEPi, its effect on ex-

piratory air flow and lung volume may depend on the

presence and extent of flow limitation. In the absence of

dynamic flow limitation, the addition of PEEP causes par-

allel increases of both central airway and alveolar pres-

sures. If V, remains unchanged. P^,, must rise more or less

in step with PEEP. Airway resistance tends to decrease as

the lung distends. Although airway resistance may de-

crease, there is little overall change in the total WOB,
because elastic tension increases and the inspiratory mus-
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Fig. 9. Effect of positive end-expiratory pressure (PEEP) on chronic obstructive pulmonary disease. The application of an external PEEP level

somewhat lower than intrinsic PEEP (PEEPi) does not imply a change in the peak airway pressure and lung volume. An additional application

of an external PEEP level above the PEEPi level provokes a parallel increase in the peak airway pressure and in the maximum peak

expiratory flow, indicating an increase in lung volume. V = flow. P^^ = airway pressure.

cle.s. compromised by hyperinflation, are less able to ac-

complish the work load.''

Application of PEEP During Continuous Mandatory

Ventilation

Application of PEEP With Expiratory Flow Limita-

tion. Because flow is limited in the small airways, low

levels of pressure applied downstream from the compres-

sion site may alter its anatomic location without causing a

proportional rise in P^,,. Application of PEEP levels less

than the end-expiratory surrounding intrapleural pressure

might dilate collapsed or severely narrowed airways, en-

abling decompression of the alveoli. As a result, P^i^ might

not change greatly after the application of PEEP, whereas

the gradient of end-expiratory alveolar pressure to central

airway pressure would decrease. When PEEP exceeds some

critical value, however, the relationship between PEEP
and lung volume reverts to that pertaining to patients with-

out air flow obstruction'' (Fig. 9).

Measurement of the Effect of PEEP. The effect of

PEEP in acti\ely breathing patients could be identified by

observing the response of ventilator cycling pressures to

small increments of PEEP.'' If little change in peak dy-

namic and static cycling pressures occurs after PEEP, then

extensive dynamic collapse is likely and PEEP may be

helpful.

The primary goal of PEEP in patients with air flow

obstruction is to unload the inspiratory muscles. There-

fore, application of PEEP during controlled mechanical

ventilation does not have a major clinical impact, but it has

been useful for a better understanding of the interaction

between PEEP and PEEPi. It has been observed that PEEP
does not affect lung volume, cardiac output, and respira-

tory mechanics until a 'critical" level is reached, this being

somewhat lower than initial PEEPi**-''-'" (Fig. 10). Fur-

thermore, the use of "controlled hypoventilation" associ-

ated with low values of PEEPi in patients with exacerba-

tion of chronic air flow obstruction significantly reduces

alveolar pressure, improving the alveolar ventilation/per-

fusion ratio distribution and hence increasing P.,o, and

decreasing P^co, ^Y improving the gas exchange capabil-

ity of the lungs.'" There are few clinical studies on the

application of PEEP in the setting of acute exacerbation of

asthma. As with COPD patients, dynamic hyperinflation

and PEEPi has been shown in mechanically ventilated

asthmatic patients, but in that setting PEEP should not be

indiscriminately applied."''^'"'
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Application of PEKP During Assisted Ventilation

The dynamic increase in lung volume m patients with

air flow obstruction places the inspiratory muscles in a

disadvantageous position for their force length relation-

ship.''^'"^ As a consequence, the available evidence sug-

gests that application of PEEP decreases WOB during as

sisted mechanical ventilation/' Furthermore, it has been

shown thai application of PEEP improves the patient ven-

tilator interaction by reducing the magnitude of the nega-

tive deflection in esophageal pressure required to trigger

the ventilator."'"" PEEPi imposes a threshold load on

inspiration that effectively reduces the triggering sensitiv-

ity of the ventilator to a value equal to the sum of PEEPi

and the trigger sensitivity value.'' "" Different works have

shown that in ventilator-dependent COPD patients. PEEPi

accounts for about 409c. on average, of the total ventila

tory work load.'"-"" The use of low amounts of PEEP can

help restore trigger sensitivity by reducing the WOB and

improving patient comfort.''

Application of PEEP During Noninvasive Ventilation

Noninvasive ventilation has been successfully used to

assist respiratory function during acute exacerbations in

COPD patients and has shown to be useful by reducing the

need for endotracheal intubation, the length of hospital

stay, and the in-hospital mortality rate.'"'* As in the as-

sisted modes, the application of low levels of PEEP has

been shown to unload the inspiratory muscles, compared

to pressure-support ventilation alone in COPD patients

with acute exacerbations.'"'^ Recently the benefits of non-

invasive ventilation have been shown for pathologies such

as acute asthma exacerbation.'"* Nevertheless, there is no

consensus as yet regarding the optimal level of PEEP in

that setting.

Application of Continuous Positive Airway Pressure

Noninvasive application of continuous positive airway

pressure (CPAP) via face mask should be considered as

noninvasive ventilation. CPAP via face mask or nasal mask

has been successfully used in patients with hypercapnic

ventilatory failure due to decompensated sleep apnea.'"''

exacerbation of COPD.'"** '""and acute asthma, ""but those

studies have not clarified the effect on dynamic hyperin-

flation and PEEPi. Appendini et al'""^ showed that, in the

noninvasive ventilation setting. CPAP of ."i cm H^O via

mask were almost as efficient as 10 cm H^O pressure-

support ventilation to unload the inspiratory muscles in

COPD patients with acute exacerbations, although the ar-

terial blood gases improved only by pressure-support ven-

tilation.

applied PEEP /

ClonZEEP

ACI

(VmjfVni'

)

PEEPlol.rson ZEEP

(b)

Fig, 10 Changes in (A) end-expiratory lung volume (AEELV) and

(B) cardiac index (ACI) versus the ratio of applied positive end-

expiratory pressure (PEFP) to total PEEP of the respiratory system

{PEEP,o, rs) on zero end-expiratory pressure (ZEEP). Open circles =

ZEEP. Closed circles = PEEP 5 cm H,0. Open triangles = PEEP
10 cm H^O. Closed thangles = PEEP 15 cm HjO. Solid lines

indicate linear regression through data points at PEEP of 10 and

15 cm HjO- Vertical dotted line indicates intercept on the horizon-

tal axis of regression lines. In chronic obstructive pulmonary dis-

ease patients in whom intrinsic PEEP was due to flow limitation,

application of external PEEP below 85% of the inlnnsic PEEP
value did not increase lung volume or cardiac index. When exter-

nally applied PEEP was greater than intnnsic PEEP, hyperinflation

and decrease in cardiac index occurred. (From Reference 82, with

permission.)

Best PEEP/CPAP in Severe Airflow Obstruction:

Controversy

The application of PEEP values somewhat lower than

PEEPi. measured with the end-expiratory occlusion ma-

neuver (not exceeding the 85% of PEEPi), is safe in severe

air flow obstruction. That level of PEEP was termed

"Pcrit""—the particular level of PEEP beyond which the

EELV increases.^' One of the main concerns about this

topic is that the relationship between Pcrit and PEEPi has

been investigated mainly in patients under controlled ven-

tilation, whereas the clinical indication of PEEP/CPAP is
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usually clone during spontaneous/assisted venlilalion, u hen s.

PEHPi cannot he acLTiialcly measiiied. In laci. nicasuiv-

iiient of mean end-expiiaioi y sialic recoil pressure ol' the

total respiratory system diirint; spontaneous hreathing. \ia

the Mueller maneuver, neetls an esophageal balloon that is

not frequently used in clinical practice. In that setting the

occlusion pressure could help to assess the effects of Kt.

PEEP.«"

II.

Summary

Application of positive end-expiratory pressure (PEEP)

in acute lung injury patients under mechanical ventilation

improves oxygenation and increases lung volume. The ef-

fect of PEEP is to recruit lung tissue in patients with

diffuse lung edema. This effect is particularly important in

patients ventilated with low tidal volumes. Measurement

of respiratory system mechanics in patients with ARDS is

important to assess the status of the disease and to choose

appropriate ventilator settings that provide maximum
alveolar recruitment while avoiding overdistention. In pa-

tients with ARDS in whom the lungs have been near-

optimally recruited by PEEP and tidal volume, the use of

recruitment maneuvers as adjuncts to mechanical ventila-

tion remains controversial. The application of PEEP in

patients with unilateral lung disease may be detrimental if

PEEP hyperinflates normal lung regions, thus directing

blood flow to diseased lung regions. In patients with air

flow limitation and lung hyperinflation, the application of

additional external PEEP to compensate for intrinsic PEEP
and flow limitation frequently decreases the inspiratory

effort to initiate an assisted breath, thus decreasing breath-

ing work load.
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Discussion

Kacniarek: One thing you did not

mention was the deflation hmb of the

P-V curve and the concept of adjust-

ing PEEP the way that was proposed

by HickUng' in his most recent arti-

cle—that is hy fully recruiting the lung,

setting PEEP at a level presumed to

be higher than the one that you would

expect to need, and then doing a de-

creasing trial of PEEP until you arrive

at the lowest level that maintained the

oxygenation benefit of the recruitment

maneuver. When I listened to your pre-

sentation 1 didn't come away with an

approach that you recommend for ad-

justing PEEP, I was wondering if you

would comment on the approach that

Hickling recommends. We found that

it works nicely in animal models, al-

though 1 don't have patient data,

REFERENCE

I . Hickling KG. Best compliance during a dec-

remental, but not incremental, positive end-

expiratory pressure trial is related to open-

lung positive end-expiratory pressure: a

mathematical model of acute respiratory dis-

tress syndrome lungs. Am ,1 Respir Crit Care

Med 20()I:I63(U:69-7S.

Blanch: I agree. However, we don't

know whether it is useful in patients,

in whom I suspect it will be diffictilt

to do. In a recent study we tested the

effect of a sustained increa.se in air-

way pressure and found different re-

sponses in ARDS patients already ven-

tilated with high PEEP, We found that

some patients with pressures higher

than 60 cm H^O were unable to in-

crease oxygenation. In others a PEEP
level of 15 or 16 cm H^O seemed to

be very useful. So it's too hard to rec-

ommend sustained inflations in all

ARDS patients and then to set PEEP.

or to recommend the application of

low tidal volume and high PEEP (13

cm HiO) without periodic sustained

inflations. At present we may need an-

other study focused on what's the best

level of high PEEP—not on how to

set PEEP.

kacniarek: Are you recommending

the use of a P-V curve and then set-

ting PEEP above the lower inflection

point, or to simply empirically choo.se

a PEEP level around 15 cm HiO and

then adjust up or down from that point?

Blanch: 1 will answer you practi-

cally. That's what we do. We do P-V

curves only in certain patients, and in

general we use high PEEP. In the ex-

perience of many investigators, lower

inflection points go around 10 to 16

cm HiO. 1 have doubts about the mean-

ing of inflection points of 6. 7. or 8

cm HiO; their origin could be water

moving up and down in the airway or

the influence of the chest wall. Mer-

goni et al' found that chest wall me-

chanics can contribute to the lower

inflection point, up to 4.7 cm HjO.

Another issue that applies to pres-

sure-volume curves is how easily they

can be done at the bedside. There is a

lot of clinician variability in doing

pressure-volume curves with the tech-

nique of multiple occlusions. The su-

per-syringe method is controversial,

since it requires disconnecting the pa-

tient from the ventilator, and some-

times patients are very hypoxemic. The

use of the low airflow technique might

be of interest, although information

from expiration is not available at

present. I think there are now some

people working on software to con-

struct inspiratory and expiratory P-V

curves with that technique. So if skills

are good to obtain P-V curves at the

bedside, a clinician can obtain a lower

inflection point and then apply a PEEP
level 3-4 cm H^O higher, Amato et

al- used a similar approach in their

pioneeringstudy,
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Kuhlen: I ha\e a "real world" and a

physiological problem with P-V

curves. The "real world"" problem is

that when you do ail those 4 different

methods you"\e mostly illustrated in

one individual patient, you will very

often find that, for e.xample, the su-

per-syringe woiikl show a low inflec-

tion point, hut the tidal occlusions will

not. Therefore. I'm not quite sure

whether it really relates to physiology

or to methods. And we are just on our

way to do a multicenter study on that.

We've enrolled about 25 patients. I

can tell you that the super-syringe sys-

tem is most often associated with low

inflection points, and the occlusion

techniques are very seldom associated

with inflection points.

My other point relates to what Bob

Kacmarek said: that if you do P-V

loops in the CT scanner you find clear

evidence of ongoing recruitment, al-

though you don't see anything on the

P-V loop. Therefore I doubt that we

should recommend it for clinical use.

because we simply do not know how

to use it, and we are not even sure

whether we should use it.

Blanch: I agree. If ongoing recruit-

ment is produced during the perfor-

mance of the P-V curve, in any of the

4 methods, then the P-V curve is

shifted to the left. If we use, for ex-

ample, constant flow or multiple oc-

clusions, we can find differences be-

tween the 2 methods, because tidal

recruitment can occur during and be-

tween multiple occlusions. So there is

some controversy on that issue, and

you raise a good point that recruit-

ment measured by the CT scan is

greater than recruitment measured just

by comparing zero end-expiratory

pressure and PEEP on pressure-vol-

ume axes in the P-V curves. More-

over, a P-V curve is a global measure-

ment, whereas in the lungs thousands

of different regional pressure-volume

curves can be present.

I think an important issue is that

when a lower inflection point is clearly

defined, there is diffuse lung edema.

At that point we know that recruit-

ment starts at the lower inflection

point, and we should not go lower with

PEEP, because that will cause lung

injury, as shown by Tremblay et al.'

If an upper inflection point is found,

each tidal breath that exceeds the up-

per inflection point is repeatedly do-

ing end-tidal inspiratory overdisten-

tion, favoring ventilator-induced lung

injury. So controversy persists about

pressure-volume curves.
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Pierson: A practical point: How
many of the speakers at this confer-

ence, with a show of hands, recom-

mend the use of pressure-volume

curves in managing individual patients

with acute lung injury? One, two. . . .

Kacmarek: We have a paper in the

blue journal that shows that if you use

different peak pressures during vol-

utne history, and different peak pres-

sures ;it the end of your P-V curve,

you have different results from the P-V

curve.' The lower inflection point

doesn"t change iTiuch. but you might

not observe it at low volume history

pressures and low P-V curve pressures.

The upper inflection point is clearly

dependent on what volume history and

P-V curve pressure is used. At low

peak pressures you get a lower upper

inflection point than at higher pres-

sure-volume history. And the same

thing occurs with the expiratory curve.

I don"t know anymore how to cor-

rectly perform a P-V curve.
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Hiirford: Fd like to add a word of

caution and ask for some recommen-

dations on the role of the chest wall,

especially in patients with severe in-

tra-abdominal hypertension. You're

starting out with pressures that inay

well be 20-30 cm H.O, and the tra-

ditional pressure-volume curve seems

to be useless under those conditions. I

don't know how to set the ventilator

or to protect the lung, other than open-

ing the abdomen.

Blanch: I agree. In conditions of

high intra-abdominal pressure or low

chest wall compliance, what we are

seeing in the pressure-volume curve

does not reflect the mechanical prop-

erties of the lung. The way to assess

respiratory system mechanics in those

patients is to insert an esophageal bal-

loon and to partition mechanics in the

chest wall and lung components. In

some patients, the direct measurement

of the intra-abdominal pressure might

be of interest, because their value is

quite similar to the lower inflection

point observed in the inspiratory pres-

sure-volume curve.

Weiler:* We have a paper in prep-

aration where in 30 patients we have

used the high frequency oscillator to

reconstruct mean airway pressure vs

P,,, curves. I can tell you that the

interpretation of these curves is rather

easy. You start with a certain mean

Norbert Weiler MD. Department of Anesthe-

siology. Johannes Gutenberg University Hospi-

tal, Mainz. Germany
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airway pressure, and from this point

there are 3 possibiHties: First, if you

have a good oxygenation, there is not

much atelectasis: second, if oxygen-

ation is not adequate, then you have to

further recruit the lung by increasing

mean airway pressure. The third pos-

sibility is that you see on a continuous

registration of Pao, a steady improve-

ment, which means ongoing recruit-

ment. Then you can decide whether

you wait how far this will go, or you

further increase the mean airway pres-

sure. Having increased the mean air-

way pressure, let's say for 3 or 3 cm

of water, you will have to watch the

P_,o answer. The answer can be an

immediate reduction in P.,o,. which

means that initially there is no recruit-

ment, but just a shift of blood flow

away from ventilated areas to the shunt

areas. After this initial drop in P.,o,-

you then look whether recruitment oc-

curs or not with the new mean airway

pressure. If, with the new mean air-

way pressure, you get an increase in

PaO- you have succeeded in further

opening the lung. Then you repeat the

increase in mean airway pressure un-

til you get no positive answer in P^o,-

From this point you can go back by

looking at the P^o, and exactly define

the mean airway pressure at which re-

collapsing of the lung occurs. This is

a procedure that takes about one hour

to perform. You really get a very ex-

act image of the actual state of the

lunc.

Blanch: I agree with you. The point

of re-collapsing is the point that 1 think

all of us are interested in finding. 1

don't think, however, that oxygenation

is a key point in ARDS patients, since

in the 2 studies that they showed pos-

itive data,' - let's say decrease in mor-

tality, the oxygenation was lower in

the arm that the survival was higher.

So to track changes in oxygenation is

fine for recruitment to assess when

the lung is fully recruited. After that

point, I don't know what is the ideal

Pq, the patient should have.
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Maclntyre: Only 2 people around

these tables are willing to do P-V

curves. Because of all the problems

and the technical difficulties with

them, it sounds like we need to have

some other guide to PEEP settings to

recommend to our colleagues. The

ARDS Network had a PEEP-F,o, ta-

ble that, although arbitrary, was at least

logical. It had a Pq, goal. If you are

above that goal, you march down the

table. If you are below that goal, you

march up the table. It was bracketed

with a PEEP of 5 cm H.O at the low

end and a PEEP of 24 cm H^O at the

high end.

People always ask me where do

those numbers come from? It actually

was discussed by the ARDS Network

protocol committee for many months.

A PEEP of 5 cm H.O seemed logical

as being the minimum. A PEEP of 24

cm HoO at the high end was agreed on

for 2 reasons: (I) That was a level

reported as useful in the Amato trial,

and (2) we figured a plateau of 35 cm

H^O was going to be our upper limit

and we needed at least 10 cm H,0 to

get some kind of tidal volume deliv-

ered. So that's where the bracket came

from. Anyway, is that a reasonable

way to do things? Is that a reason-

able scale to use clinically, in your

opinion?

Blanch: Yes it is. I like that table

because it is a simple way to titrate

PEEP and also may help some clini-

cians who are afraid to apply high

PEEP levels. Nevertheless, before do-

ing this the patient should be hemo-

dynamically stable and well volume-

resuscitated in order to safely tolerate

high intrathoracic pressures. What we

need to do is to test whether this PEEP-

F,o, table, which came from the opin-

ion ofsome expert clinicians, provides,

at any F,o,. optimal lung recruitment.

Until then, and in my experience, that

table makes sense.

Maclntyre: Just as a follow-up for

information purposes, it turned out that

that PEEP-F|o, table gave us a mean

PEEP in the trial of about 8 or 9 cm

HiO, as I remember. The National In-

stitutes of Health is currently on a sec-

ond trial looking at a slightly different

construct of that table. The brackets,

the maximum and minimum, are still

the same, but it's designed to come to

a PEEP in the mid teens early and

bring up the F|o, later. Indeed, we're

about two-thirds of the way through

that trial, and the separation we're

looking for is there. That is to say, the

PEEP in the early aggressive PEEP

strategy is in the low teens, like the

Amato trial. So, hopefully, comparing

those 2 tables would give us a handle

on how to do this clinically.

Blanch: Let me add a comment on

that. I think there is another important

factor to be considered, which is the

type of patient. Sometimes in these

trials, patients with 4 or 5 failing or-

gans are included, and their mortality

is 70-80%. Maybe in those patients

the effect of mechanical ventilation is

different because the hemodynamic

conditions are different. Moreover,

they may present with severe pulmo-

nary hypertension and high cardiac

output. Both factors can favor ventila-

tor-induced lung injuiT. So those are

otlrer variables that need consideration.

Kacmarek: I ha\e to disagree with

Neil [Maclntyre]. I have a problem

with the current ARDS Network PEEP

table. The cunent table is not nearly
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aggressive enoiigli in ihe appliculiDii

of PEEP. I undeisiaiul that a new ta-

ble is being triaied. but your recom-

mendation v\as to use the current ta-

ble, which I would not recommend

using. I would recommend that we
need a table that more aggressively

applies high PEEP levels early in

ARDS instead of waiting till F,q is

0.7 before you get over 10 cm H2O
PEEP. The specific points on the cur-

rent scale are not aggressive enough,

at least in our experience, to appro-

priately set PEEP.

Kuhlen: I would inniiediately agree

to that, and 1 think e\ery table is fine

as soon as the PEEP gets very early to

1.^ cm H-,0. because that is a very

good average number. However. I do

have a proposal that uc use more and

more. Since we know the tremendous

diagnostic relevance of CT scans in

ARDS and selling those pressures and

volumes, we use it for clinical pur-

poses also, not only for scientific pur-

poses. If you think about how many
times you go to CT scans for all kinds

of questions, such as pupils are not

reacting or whatever, and the neurol-

ogist sends our patients to the CT scan-

ner twice a day. at least in our depart-

ment, so take profit from that and use

it. And the work of Gattinoni et al' -

largely shows that if you use 3 CT
slices (in the apex, in the middle, and

near the diaphragm) it's pretty much
representative, so 1 would encourage

people to do CT scans in those pa-

tients who are likely to die with a

chance of 30 or 40%. That is a very

severe condition.
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VVciler: Coming back to the PEEP
vs P,(, table. I would strongly recom-

mend to include in such a table the

change in P,,, you achieved with the

increase in the PEEP level. 1 think it

doesn't make much sense just to have

an actual level of P^^,^ to go for. Instead,

you should take into account how much

the oxygenation increased by the PEEP
step performed. If you can achieve a

significant increase in P,,, with the

PEEP step, you should continue to fur-

ther increase PEEP. That should be in-

cluded in such a PEEP P^q^ table.
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Summary

The tremendous progress in microprocessor-driven ventilator technology over the last years has

facilitated the introduction of a broad variety of different ventilatory modes into the clinical

practice of mechanical ventilation. Many of these newer modalities are designed for partial venti-

latory support, which might reflect the complexity of the issue of patient ventilator interactions

when spontaneous breathing activity is present compared to controlled mechanical ventilation.

There are reasons to believe that allowing some degree of spontaneous breathing activity during

mechanical ventilation is useful not only to gradually withdraw ventilatory assistance in the process of

weaning but also to avoid some of the adverse effects of mechanical ventilation in the early phase

of acute respiratory failure when classically controlled modes of ventilation are used. It is the aim of this

article to review the effects of preserved spontaneous breathing activity during mechanical ventilation

with different ventilatory modalities in acute respiratory failure patients. Key words: ineclianical venti-

lation, spontaneous breatliing, Iteiiiodynaiiiics, atelectasis, lung injury, analgosedation, ventilator-associated

lung injury, ventilation modes, assist control, synchronized intermittent mandatory ventilation, pressure sup-

port, bi-level intermittent positive ainvay pressure, ainvay pressure release ventilation, proportional assist

ventilation, automatic tube compensation. [Respir Care 2002;47(3):296-303J
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liitrocluction

The primary goal iif mechanical \ciitilalii)ii is to restore

gas exchange and to unload the patient Irom elevated work

of breathing (WOB ) during acute respiratory failure (ARF).

To achieve these goals a hroad spectrum of ventilatory

modalities and strategies is already in use. Moreover, the

development of microprocessor-driven mechanical venti-

lators has facilitated enormous progress in the implemen-

tation of diffeient modes of ventilatory support in clinical

use. Most of the newer ventilatory modes are designed for

partial ventilatory support, reflecting the problem that dif-

ferent technologies might be used for patient ventilator

interaction during assisted mechanical ventilation. How-

ever, the increasing use of partial support modalities is not

only due to technologic improvements but also to data

showing that avt>iding controlled mechanical ventilation

by preserving some spontaneous breathing activity of the

diaphragm might be beneficial for gas exchange, hemo-

dynamics, and the clinical course of acute lung injury.

Herein we review the role of preserved spontaneous breath-

ing activity during mechanical ventilation in ARF patients.

pressure support as high as M) cm \M) has been IolurI to

have no negative effect on cardiac output.'" On the other

hand, in a clinical investigation with acute respiratory dis-

tress syndrome (ARDS) patients, Putensen et al directly

compared P.SV to CMV and BIPAP/APRV, and they only

found beneficial effects on cardiac output from BIPAP/

APRV, not from PSV.^ From those data it might be spec-

ulated that only unassisted spontaneous breaths might ef-

fectively decrease intrathoracic prcssme. thereby increasing

venous return and cardiac output. In a clinical study with

acute lung injury patients who were transferred from CMV
to PSV as soon as possible after the institution of mechan-

ical ventilation, no major differences in hemodynamics

were found between CMV and PSV." However, in that

study, out of 48 patients. 10 failed the transition to PSV,

and 3 of those 10 failures were due to hemodynamic im-

pairment. All 3 of those patients had histories of severe

chronic heart disease," which suggests that the resump-

tion of spontaneous breathing activity during mechanical

ventilation might impose an additional work load on the

heart, eventually leading to left ventricular dysfunction in

predisposed patients.

Advantages of Maintaining Spontaneous Breathing

Efforts During Mechanical Ventilation

Hemodynamics

It is well known that positive thoracic pressure induced

by mechanical ventilation might compromise venous re-

turn and cardiac output, which may lead to a decrease in

organ perfusion. In contrast, spontaneous breathing efforts

generate a negative pressure in the thoracic cavity, which

improves venous return and thereby might increase car-

diac output.' in accordance with that principle, it has been

found that mechanical ventilation with positive pressure

can cause impaired renal function. Steinhoff et al were the

first to show that during intermittent mandatory ventilation

with some degree of spontaneous breathing activity the

renal water and sodium excretion was better than with

controlled mechanical ventilation (CMV).- Even a small

superimposed spontaneous breathing activity resulted in

such a decrease in thoracic pressure that renal perfusion as

well as excretion function was better than during CMV.'

Also, other forms of partial ventilatory support, such as

airway pressure release ventilation (APRV)^^ and bi-level

(also known as biphasic) intermittent positive airway pres-

sure (BIPAP).'' '' have been found to have no negative

effect on cardiac output, compared to the detrimental ef-

fects of CMV. However, for ventilation modes supporting

each individual breathing effort, such as pressure support

ventilation (PSV), the effects on hemt)dynamics have been

reported to be more complex. In cardiac surgery patients.

Atelectasis Formation

Atelectasis formation during mechanical ventilation

might be interpreted as a symptom of the underlying dis-

ease. However, physiologic studies have shown that CMV
results in a different pattern of ventilation distribution than

does spontaneous breathing. During spontaneous breath-

ing the most pronounced excursions of the diaphragm are

to be found in the dorsal part, resulting in a distribution of

ventilation mainly toward the dorsal lung regions, thereby

perfectly matching perfusion, which is also high in those

areas. During CMV the inactive diaphragm shifts in cra-

nial direction following the force exerted by intra-abdom-

inal pressure and. hence, the ventilation is mainly distrib-

uted to anterior lung regions,'- resulting in some amount

ofnonhomogeneous ventilation-perfusion distribution (Fig.

I)."'-* Accordingly, atelectasis formation is a predomi-

nant finding during controlled mechanical ventilation, even

without preexisting lung disease,'^ and it is clearly related

to the extent of ventilation-perfusion mismatching."' It has

been shown that st)me but not all of that atelectasis might

be counterbalanced by the application of positive end-

expiratory pressure (PEEP). '^ Moreover, very elegant phys-

iologic experiments have shown that the atelectasis for-

mation in the dependent lung zones during general

anesthesia can be effectively decreased when the phrenic

nerves are stimulated electrically.''^ Obviously, preserving

muscular activity of the diaphragm is a good measure to

act against lung collapse in the dependent lung areas, since

it actively opens those zones, whereas the application of
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Awake spontaneous

Anesthetized spontaneous

Control PEEP After PEEP After PEEP+PNS

Fig. 2. Computed tomography analysis of atelectatic lung areas

during control ventilation in anestlietized subjects, witti positive

end-expiratory pressure (PEEP) of 10 cm HoO and double tidal

volume, 1 minute after PEEP vi/as withdrawn, and after PEEP with-

drawal plus right-side phrenic nerve stimulation (PNS). Hatched

bars = right lung. Open bars = left lung. Phrenic nerve stimulation

decreased the atelectatic area, suggesting that preserved dia-

phragmatic activity might help counteract anesthesia-induced at-

electasis formation, (Adapted from Reference 18.)

Paralyzed

Fig. 1 . Diaphragm position during spontaneous breathing in awake

state, during general anesthesia, and during muscle paralysis in

anesthesia. During anesthesia, especially when muscle relaxants

are used, there is a profound shift of the diaphragm into the tho-

racic cavity, accompanied by a loss of excursion of the dorsal

parts of the diaphragm. Because of that shift, expiratory lung vol-

ume decreases and atelectasis is likely to develop in the dorsal

(posterior) lung regions adjacent to the diaphragm. (Adapted from

Reference 12.)

positive pressure alone might not be sufficient to keep

those lung areas open (see Figs, 1 and 2).

It is well known that acute lung injury is characterized

by severe lung collapse and atelectasis formation, predom-

inately in the dependent zones of the lung.'" Intrapulmo-

nary shunt has been shown to correlate directly to the

amount of nonaerated lung tissue observed by computed

tomography in the dependent lung zones adjacent to the

diaphragm. That finding was attributed to alveolar col-

lapse caused by the superimposed pressure on the lung and

the cephalad shift of the diaphragm most evident in the

posterior lung units during mechanical ventilation,-"

When spontaneous breathing might help to avoid lung

collapse, it might be hypothesized that also the distribution

of alveolar ventilation and perfusion (V^/Q) and thereby

gas exchange should be affected positively, not only dur-

ing mechanical ventilation for anesthesia but also during

acute lung injury. That hypothesis was tested in several

experimental and clinical studies.

In a dog model of oleic acid-induced lung injury, even

a small spontaneous breathing acti\ ity ( lO'/f of total minute

ventilation) caused a \57c reduction in intrapulmonary

shunt of blood and, consequently, improved oxygenation.''

Because dead space ventilation was also reduced and re-

spiratory system coinpliance increased in those experi-

ments, it was concluded that diaphragm activity recruited

otherwise collapsed lung areas. However, the interfacing

between spontaneous breathing and mechanical \entila-

tion seems to have a critical input on the observed effects

of partial ventilatoi7 support on V^/Q matching. Whereas

uncoupling between spontaneous breaths and mechanical

cycles during BIPAP/APRV benefited V^/Q matching, me-

chanical assistance of each inspiratory effort did not coun-

teract the V,,^/Q maldistribution in that model of acute lung

injury'' or in a model of bronchoconstriction.'*

Sydow et al found in ARDS patients that spontaneous

breathing with APRV led to a decrease in low WJQ. which

was more pronounced than the effects of CMV without

spontaneous activity.-' Since the effect was not immedi-

ate, but occurred after hours, the investigators concluded

that a certain time period is necessary until alveolar re-

cruitment and the resulting improvement in gas exchange

due to the spontaneous breathing activity. In extension of

those results, Hermann et al reported that very small su-

perimposed spontaneous breaths of 70-L'^O mL during

mechanical ventilation using BIPAP might improve oxy-

genation and carbon dioxide removal.-- That finding could

be elegantly explained by a study by Putensen et al. which

also showed a clear redistribution of low V^/Q toward

normal V^/Q regions with superimposed spontaneous

breathing in ARDS patients.^ Those findings were reported

for equal minute ventilation as well as for equal airway

pressures, compared to controlled ventilation without spon-

taneous breathing. Again, in contrast to BiPAP/APRV.

PSV showed no beneficial effect on gas exchange in those

patients (Fig. 3).^ This is in accordance with a clinical

study of PSV in patients with acute lung injury, which

showed that early transition from CMV to PSV is possible

298 Respiratory Care • March 2002 Vol 47 No 3



The Role of Spontaneous Breathing During Mechanical Vlniilahon

100-

CJ" 80-

^^ 60-

•0^40-
in

cy 20

^ ^ H m
iaseline ' PSV ' APRV 'aPRV+SB'Baseline ' PSV ' APRV

Fig. 3. Ventiiation-perfusion distribution (Qs/Q,) in patients with

acute lung injury during controlled ventilation (baseline), pressure

support ventilation (PSV), airway pressure release ventilation

(APRV) used as pressure-controlled ventilation without spontane-

ous breathing, and APRV with spontaneous breathing (SB). Black

segments ^ normal ventiiation-perfusion. Hatched segments -

low ventiiation-perfusion. Open segments ^ shunt. A significant

reduction in shunt perfusion is found only for unrestricted spon-

taneous breathing activity during APRV. which was associated

with better oxygenation. (Adapted from Reference 7.)

in most patients, but that no specific gas exchange benefit

is realized."

Clinical Course of Lung Injury

All these data suggest that maintaining spontaneous

breathing activity using BIPAP/APRV during mechanical

ventilation might he advantageous for pulmonary gas ex-

change and prevention of atelectasis. Yet few data are

available as to whether the clinical course of acute lung

injury might be influenced by using the spontaneous breath-

ing modes. In an experimental study of pigs with acute

lung injury induced by surfactant washout, we found no

major differences between CMV and PSV in gas exchange,

hemodynamics, or the course of acute lung injury over 12

hours. --^--^ These preliminary data are in accordance with

a report that PSV is clinically feasible in acute lung injury

patients, but that it did not prove to do any better than

CMV in the short term." No clinical outcome data using

PSV as the initial form of ventilatory assistance in acute

lung injury have been reported yet.

However, for BIPAP/APRV one study reported the clin-

ical outcome in trauma patients at high risk for developing

ARDS.-" In that investigation, patients with high trauma

scores were randomly assigned to undergo CMV for the

first 3 days or BIPAP/APRV. Earlier physiologic results

on gas exchange were confirmed, because the BIPAP/

APRV group had consistently better oxygenation and he-

modynamics during the period of the investigation than

did the CMV group. BIPAP/APRV was also as.sociated

with a shorter duration of mechanical ventilation and shorter

length of stay in the intensive care unit than was CMV.
Furthermore, total cost for analgosedation and circulatory

support were clearly lower for BIPAP/APRV. -'' These pre-

liminary data suggest that not only gas exchange and he-

modynamics but also the clinical course of acute lung

injury might he positively affected by allowing some un-

restricted spontaneous breathing activity during mechani-

cal ventilation. Obviously, those promising results should

be tested in large-scale clinical studies focusing primarily

on outcome measures in acute liuig injiny patients.

Analgosedation

It is quite obvious that management of the patient with

assisted modes of ventilation becomes completely differ-

ent than that of the patient being mechanically ventilated

in a controlled mode. The advantage of assist modes is that

no deep sedation or muscle relaxation need to be applied

with modes that allow spontaneous breathing. The poten-

tial adverse effects of deep sedation and muscle blocking

agents are well known, so spontaneous breathing should

be beneficial, although it must be admitted that no clinical

outcome study has addressed that question yet.

On the other hand, it has to be stated clearly that patient

monitoring must be somewhat closer and more vigilant

when spontaneous breathing is allowed or even provoked

in an ARF patient. Patient-ventilator interaction is an issue

during all forms of assisted spontaneous breathing, and

few data are available today to give clear guidelines on

how to handle that problem.

Ventilator-Associated Lung Injury

In recent years it has become evident that mechanical

ventilation is associated with severe risks, because it can

contribute to the progress of lung injury-^ and might pro-

mote nonpulmonary organ failure.-** Therefore the avoid-

ance of ventilator-associated lung injury has become a

major goal when setting any mode of ventilator support.

Two major factors contributing to the progress of lung

injury have been identified: overdistention of the lungs

using tidal volumes (V, ) that are too big for the diseased

lung,-'' and recurrent expiratory lung collapse leading to

relevant shear stress when the collapsed areas are reopened

during the next inspiration.-" "' According to those reports

it has been clearly shown that reducing V^- to 6 mL/kg

improves outcome in acute lung injury patients." Smaller

clinical studies also suggest that use of PEEP values that

prevent expiratory collapse might also result in better out-

come.'- ''^ Based on those data it seems reasonable to hy-

pothesize that during ventilatory modes allowing sponta-

neous breathing the V, should be limited and the PEEP
level should be set to prevent expiratory lung collapse.

Clearly designed studies to address the question of venti-

lator-associated lung injury during assisted spontaneous

breathing are needed before large-scale implementation of

those modes can be advocated.
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Ventilation Modes That Allow Spontaneous

Breathing During Mechanical Ventilation

Assist Control

Assist control is a classical form of assisted spontaneous

breathing that offers the possibility to trigger a breath that

is then applied by the machine according to the ventilator

settings. From a technical point of view this form of as-

sistance appears not particularly beneficial, because it does

not allow any modulation of the breathing pattern other

than the frequency with which a pre-set machine breath

will be applied. Ne\ertheless. it is most widely used in

clinical practice because it clearly results in a very effec-

tive unloading of the respiratory muscles.''-'

Synchronized Intermittent Mandatory Ventilation

During synchronized intermittent mandatory ventilation

(SIMV) machine cycles are adjusted, and in between those

pre-set cycles intermittent spontaneous breathing is possi-

ble by applying a demand gas flow. As mentioned above,

this form of assisted spontaneous breathing activity was

found to be beneficial for organ function during mechan-

ical \ entilation.- ' However, one of the problems w ith SIMV
is that the spontaneously breathing patient is not necessar-

ily unloaded from the elevated work load. During the in-

spiration of a pre-set breath the V-p is delivered indepen-

dent of patient activity, and during spontaneous breathing

a certain amount of additional work load is imposed by the

resistance of the endotracheal tube (ETT) and the gas de-

livery system. Adding PSV between the set mandatory

breaths during SIMV has therefore been widely used in

clinical practice. It has been foinid to result in a more

efficient unloading, not only for the intervening breaths

but also for the activity during the pre-set SIMV breath.'-*

However. SIMV has been advocated as a convenient and

easy weaning mode, because the SIMV frequency can be

decreased stepwise, thereby allowing a gradual withdrawal

of ventilatory support. In clear contrast to that theoretical

benefit, SIMV in the clinical setting has been shown to be

not useful for weaning, because, compared to other wean-

ing modalities such as T-piece trials or pressure support, it

was associated with the longest weaning and the lowest

success rates.
-''^^''

Pressure Support Ventilation

PSV was designed to support each inspiratory effort

with flow to reach a pre-set pressure level. Originally, in

the early 1980s, it was implemented in mechanical venti-

lators to compensate for a certain pressure drop during

demand flow regulation due to non-ideal ventilator prop-

erties. PSV was further applied as a real mode of ventila-

tion that augmented each inspiratory effort of the patient.

As a function of the applied level of pressure support, it is

thereby possible to progressively unload a patient from an

increased breathing work load. In a classic paper PSV was

found to prevent the development of diaphragm fatigue"

and. therefore, it is frequently applied as a weaning mode

for patients recovering from respiratory failure. Depending

on the way it is applied. PSV might facilitate fast and safe

weaning.'^ Its particular use might be the potential to un-

load the intubated patient from external sources of WOB.
as has been shown in several reports.-"*--*" However, al-

though it is a widely accepted weaning tool that has been

extensively investigated, it is not clear whether PSV should

be applied early in the course of ARF." No long-term data

are a\ailable on the effects of PSV on gas exchange and

Va^/Q relations. There are only preliminary data showing

that PSV might be more beneficial for V^/Q than CMV^'

but eventuaUy less efficient than BIPAP/APRV.^

Bi-Level Intermittent Positive Airway Pressure and

Airway Pressure Release Ventilation

BIPAP and APRV were introduced more than 10 years

ago by 2 groups.-*--*' In concept, BIPAP might be viewed

as the cyclic change from a lower to a higher continuous

positive airway pressure (CPAP) level, with spontaneous

breathing being possible on both levels using an active

flow regulation. The machine part of ventilation is because

of the cyclic shift from the lower level to the higher level

and back, whereas the patient might breathe spontaneously

throughout the whole respiratory cycle. APRV is essen-

tially characterized by spontaneous breathing on a rather

high CPAP level and release of that pressure for a short

time to ambient pressure to facilitate exhalation. The spec-

trum of spontaneous breathing modes is illustrated in Fig-

ure 4. show ing how BIPAP and APRV compare w ith CMV,

SIMV, APRV, and CPAP.

As discussed above, BIPAP/APRV has been found to

result in better gas exchange than CMV in acute lung

injury. ^--^ It must be stressed that the setting of the 2

pressure levels during BIPAP follows the principal rules

of a protective ventilation strategy: the lower pressure level

should be set to keep a minimum lung volume in order to

avoid repetitive lung collapse and reopening. Whenever an

intlection point on the static pressure-\ olume curve can be

found, the lower BIPAP level should be set above that

point, whereas the upper level should be set below any

upper deflection point to avoid lung overdistention. A lim-

ited V^ of 6 mL/kg body weight has been found to produce

better outcomes than 12 niL/kg. so the Vj during BIPAP/

APRV should also be around 6 niL/kg body weight. Hence,

the pressure amplitude between lower and higher CPAP
level has to be adjusted properly.
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Fig. 4. The spectrum of modes used during mechanical ventilation, in relation to various degrees of spontaneous breathing. Note that all

breaths are pressure-targeted breaths. CMV = continuous mandatory ventilation: all breaths are ventilator breaths. SIMV = synchronized

intermittent mandatory ventilation: mandatory breaths are interspersed with spontaneous breaths during the expiratory phase. BIPAP =

bi-level (also known as biphasic) intermittent positive airway pressure: spontaneous breaths can occur during both the inspiratory and

expiratory phases; note that mandatory inspiratory-expiratory ratio is normal. APRV = airway pressure release ventilation: spontaneous

breaths can occur during both the inspiratory and expiratory phases; note that the mandatory expiratory time or release time is very short

(typically < 1.5 s). CPAP = continuous positive airway pressure: spontaneous breathing at elevated airway pressure.

APRV is comparable to BIPAP in the sense that it can

be accomphshed by the same circuit. However, in concept,

APRV entails a rather high mean airway pressure for al-

most all of the respiratory cycle where spontaneous breath-

ing is warranted, followed by a very short release to near

ambient pressure, which should facilitate carbon dioxide

removal. When the release time becomes so short that the

lung cannot be completely emptied, a certain amount of

intrinsic PEEP will be generated by APRV. Using this

approach in ARDS patients improves gas exchange by

alveolar recruitment over some time.-' Large-scale clinical

outcome studies are warranted to determine whether APRV
and BIPAP should be implemented in routine clinical care

of acute lung injury patients.

Proportional Assist Ventilation

Proportional assist ventilation (PAV) is a mode that was

introduced in 1992 by Younes et al, who described a new

approach to unload the respiratory muscles by applying

pressure in proportion to patient effiirt."^'' Such a regu-

lation allows the patient lo be unloaded for a certain per-

centage of the breathing work load, independent of effort.

In this \iew\ the original idea of PAV was to make the

ventilator act as an additional respiratory muscle that is

fully under the control of the patient's effort. -Since the

effort is not readily measurable, ni)w and volume are taken

as the input signal for the PAV regulation. When pressure

is applied as a function of flow (flow-assist), it might be
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used to overtake a defined portion of the resistive WOB.
whereas the applieation of pressure in proportion to the

generated volume (volume-assist) should unload the elas-

tic WOB. Since tlow-assist and volume-assist have to be

set as a function of respiratory system mechanics, a good

estimate of the respiratory mechanics during assisted spon-

taneous breathing is needed to adjust PAV properly. How-

ever, since such a measurement is not yet clinically avail-

able, the clinical use of PAV remains difficult at the

moment. Ongoing studies on measurements of respiratory

system mechanics during assisted breathing will show

whether a fair estimate of the necessary input variables for

PAV is clinically feasible.

Automatic Tube Compensation

For the intubated patient the ETT imposes some addi-

tional breathing work load because it acts as an external

resistor to the respiratory system. It is clear that the resis-

tance of the ETT is related to its size, but, more than the

size, it has been found that ETT resistance is a highly

nonlinear function of flow, especially for higher flows.'^

During any form of spontaneous breathing, flow is vari-

able, so any fixed pressure support or linear proportional-

ity between pressure assist and flow might not be used to

accurately compensate for the ETT resistance and. hence,

the imposed WOB. Therefore, a mode called automatic

tube compensation was introduced as an algorithm de-

signed to overtake exactly the amount of pressure that is

necessary to overcome the ETT resistance for each instan-

taneous flow.^^ This mode has been found to work pre-

cisely in laboratory models and in patients. "'*-'^'' However,

clinical trials are needed of automatic tube compensation

implemented in standard ventilators, to further clarify its

role in the spontaneously breathing patient. It must be

investigated as a stand-alone mode, which should be very

useful for spontaneous breathing trials during weaning, as

well as for its use in combination with other spontaneous

breathing modes.

Summary

Physiologic studies show that maintaining spontaneous

breathing activity during mechanical ventilation might pro-

vide better gas exchange than CMV. Furthermore, the lower

intrathoracic pressure associated with spontaneous breath-

ing could help to avoid adverse hemodynamic effects and

other adverse effects of CMV. With modern microproces-

sor-driven ventilators the tools to adapt machine assistance

to patient demands are clinically available, providing the

possibility to investigate the clinical effects of assisted

spontaneous breathing modes in ARF. Some very prom-

ising data have been reported in favor of this approach, but

as yet no clear-cut guidelines on the use of the various

forms of partial ventilatory assist are available. Clinical

studies on the concept and the various modifications of it

to allow spontaneous breathing rather early in the course

of mechanical ventilation therapy for ARF are warranted

and should help to guide the clinical use of all the different

modes.
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Discussion

Maclnty re: I thought your data were

very nicely presented. The idea,

though, of using gas exchange as an

end point for mechanical ventilation

is bothersome to me. Obviously we

did that for many years—the better

the Pq, and Pco, the better the mode.

But I think we've come to learn that

gas exchange may be a pretty lousy

surrogate for outcome. The ARDS
Network' showed that over the first 3

days the Pao,^io, r^itio [ratio of arterial

partial pressure of oxygen to fraction

of inspired oxygen] was significantly

better in the higher-tidal-volume

group, indicating that, yes, they had

better Pq^—presumably from lung

recruitment and higher mean airway

pressures— but in fact the stretch in-

jury it produced was, ultimately, harm-

ful. So I caution the use of sunogate

markers such as Pq, as an indicator of

whether a mode is useful. With APRV
you raise the inflation pressure and

then you put spontaneous breaths on

top of that. We talk as if the pressure

setting produces the maximum end-

inspiratory volume, but, with sponta-

neous breaths, during the inflation

there seems to be the potential to ex-

pand the lung considerably more. So

is there a theoretical or real risk of

stretch injury because of the extra in-

flation volume they could get on top

of the ventilator's inflation?
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Kuhlen: 1 agree with all you said.

It's true that when we have spontane-

ous breathing acti\ ity on a very high

lung volume that there might he some

concerns about stretch injury. As far

as I understand stretch injury, it's re-

lated to two aspects, one of which is

overdistention. and the other one is

"atelec-trauma" or whatever we want

to call it—that you have shear forces

going on. It's not really shear forces

in that situation because lung volume

is rather high, and vve'\'e learned from

computed tomography scans also in

this condition that there is not that

much atelectasis present at end-expi-

ration. So the one thing to be con-

cerned about is overdistention.

And, again. I think it's very very

important to stress that if you have

spontaneous activity going on in the

upper part, then you should be careful

with the tidal volume settings, mean-

ing that if the tidal volume settings

from the machine cycles, resulting

from the change between the PEEP or

the lower CPAP and the upper CPAP
pressure, should result in a tidal vol-

ume that is even more close to 4-5

mL/kg, allowing another 1-2 mL/kg

due to spontaneous breathing, so that

the total volume generated shouldn't

exceed the safe stretch limit. So this is

really very important.

About the ARDS Network com-

ment; I absolutely agree, and, there-

fore. I put it on the slides that we need

outcome measures and not only sur-

rogates. But, still, the other way

around, when gas exchange improves

anyway, it is related to the question of

where ventilation and perfusion are go-

ing, and that is mainly the question

that's asked: not really outcome. First

of all we have to clarify the h\ pothe-

sis—whether this is true. 1 think that

gas exchange is pretty useful to an-

swer the question of whether ventila-

tion-perfusion distributions are im-

proving. Whether that is a good idea

for outcome is the second question that

clearly has to be answered.

Epstein: One other possibility for

the improvements in outcome, dura-

tion of weaning, and mechanical ven-

tilation was reduction in sedation: it

was not necessarily related to the im-

provements in physiology. It may not

ha\e been the P^ improving: just a

decrease in sedation. Actuallv. the

study design was a little funny in that

the sedation goals were different, pos-

sibly biasing the results toward APRV.

My other question is, are there any

data on spontaneous breathing in other

kinds of patients, such as older peo-

ple, people who are sick to begin with,

or malnourished patients? These were

trauma patients v\ho were probably

young and very healthy and. therefore,

were starting off with normal dia-

phragms and thus were less suscepti-

ble to all the bad stuff you alluded to

before.

Kuhlen: It's true the study design

was somewhat bothered by a couple

of issues: one of which was sedation

and the other was the not-really-ct>n-

ventional weaning approach. From my
point ofview.BIPAP/APRV is a pretty

good mode of \entilation, hut not nec-

essarily a good mode for weaning, so

there were a couple of issues about

that.

About your second point: I'm not

aware of any data, but the clinical im-

pression is absolutely going in the di-

rection you're hinting at: that in the

younger patient the breathing pattern

on high CPAP levels isn't that inuch

of a problem, because respiratory mus-

cle function is more or less okay. In

the elderly patient they do have a prob-

lem, and very often you'll find patients

who have acceptable gas exchange, but

the clinical presentation gives the im-

pression that the inspiratory work is

pretty high.

Now there is one hard question to

answer during BIPAP: what is the in-

spiratory work of breathing? That's

really hard to measure. There are all

kinds of breaths going on in the lower

level, in the upper level, and during

the transition phase, so it's really hard

to measure. There are few data, but

there are 2 papers, one on weaning'

and one on COPD patients.- that

showed that this approach is not par-

ticularly useful to unload the patient

from increased work of breathing.
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Therefore, in those patients, we tend

to use pressure support.
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Kacmarek: Has there been a elini-

eal trial where they used another mode

of spontaneous breathing, comparing

it to APRV or to BIPAP in a similar

group of patients?

Kuhlen: We didn't do it in a patient

study, but we did it in an animal study,

using computed tomography scans.

We compared PSV/APRV to BIPAP/

APRV. The good news is that it"s true

that the benefit to improve ventilation-

perfusion is mainly related to the un-

restricted spontaneous breathing dur-

ing BIPAP/APRV. You will not find

that with different foims of inspira-

tory assist. But we had the hypothesis

that during proportional assist venti-

lation that should he possible, because

during proportional assist ventilation

you would have the ventilator doing

nothing but giving assist only in pro-

portion to what the respiratory mus-

cles do. Therefore, the idea that the

diaphragm would help to prevent at-

electasis formation during propor-

tional assist was also tested. We
couldn't find it.

The whole story is that if you look

at assist control, pressure support, pro-

portional assist ventilation, inspiratory

assist modes do have a clear benefit in

overtaking work of breathing, but they

do not have a particular benefit to im-

prove gas exchange. Gas exchange is

very comparable to controlled me-

chanical ventilation, so the benefit to

gas exchange is probably associated

with BIPAP/APRV.

Campbell: We're talking about

spontaneous breathing, and we get into

this argument in oin IC'l' all the time.

That is. how much spontaneous breath-

ing is acceptable? You didn't reall\

address the issue of what to do with

the patient who continues to breathe

45 times a minute.

Kuhleii: That's a tough question be-

cause, really, that changes over time.

In the beginning we were somewhat

scared, because if you look at flow

patterns and breathing frequencies dur-

ing BIPAP/APRV, sometimes you

find 33-40 breaths/min, and the flow

pattern becomes rather chaotic. So

when we implemented it in clinical

use first, it was hard to do because

nurses were asking, "What kind of

funny ventilation is this?" The breath-

ing frequency itself shouldn't proba-

bly be the only criterion.

The criterion for me is whether dys-

pnea is present. During all forms of

assisted spontaneous breathing you

might find breathing frequencies as

high as 3.3-40 breaths/min, but if you

look for a spontaneous breathing trial

during the weaning process, a breath-

ing frequency less than 35 breaths/min

is taken as evidence that it is more or

less successful. Accordingly, it would

make sense that if you are not heading

for weaning the patient, but keeping

him on mechanical support, the fre-

quency should not be lower. There-

fore we have learned to tolerate those

high frequencies.

As I said, in the animal studies, we

didn't find any surrogate for lung in-

jury with those high breathing frequen-

cies. In pigs we had even higher fre-

quencies— going up to 50-55 breaths/

min. There are no clear data on this.

1
' m still a little concerned about breath-

ing frequency, and I wouldn't like to

see breathing frequency much above

30-35 breaths/min.

C'aniphi'll: I'd like to tell you a lit-

tle bu ahotil my experience and then

get your feedback on it. Often, when

we're kniking for the optimal pres-

sure, once we find that spot, in my

experience, in a majority of those pa-

tients it's difficult to suggest that they

need to be ventilateil. In other words,

once you restore liuig \'olume. they

assume normal mechanics and they

have a perfectly normal breathing pat-

tern. Could we identify and separate

the patients with pump failure from

patients without pump failure? And

maybe those patients would be just

fine on CPAP of 18 cm H.O rather

than APRV at 25 over 12 cm H,0?

kuhlen: Absolutely. 1 completely

agree, from a clinical standpoint. That

was. for me, most obvious when we

implemented automatic tube compen-

sation and not BIPAP/APRV. because

with automatic tube compensation you

take away the imposed work of breath-

ing, and that's all you take away. You

do not overtake any other part of the

work of breathing. It's funny to see

that you have patients with extrapul-

monary respiratory failure and in-

creased abdominal pressure and you

have them on a CPAP of 20 cm H.O

and automatic tube compensation, and

they are breathing fine and have suf-

ficient gas exchange. They don't have

any signs of poor tolerance in breath-

ing pattern or something.

Three or four years ago we would

have indicated mechanical ventilation

in the sense of tidal ventilation in those

patients, but those patients are not

needing mechanical ventilation (we

had a discussion on "requiring"). This

is what we did, and therefore they were

"requiring" mechanical ventilation.

Actually, what they needed, in terms

of physiology, was to increase lung

\i)lume. Then they do not need any

further ventilatory support. So in our

new world you very often find pa-

tients on expiratory pressures of 15-16

cm H,0 without ventilatory support.
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Sanborn:* BIPAP/APRV would

appear to span the range of pressure

control A/C PC ventilation at normal

settings to John Downs's version of

APRV [see Puritan Bennett Operator

Manual, Addendum BiLevel option/

800 Series Ventilators. Rev. A (10/

98)), where inspiration is extended be-

yond normal and there' s very little time

for exhalation . If there's a benefit to

BIPAP/APRV, where is the dividing

line between conventional, pressure

controlled ventilation with patient as-

sistance (that is, patient-triggered

PCV), which might be essentially iden-

tical to pressure support ventilation

PSV at the same inspiratory time pres-

sure target and respiratory frequency,

and John Downs's APRV version of

BIPAP where the inspiratory time

—

now referred to as PEEPf,|,.h—is longer

than normal but expiratory time is very

short—now referred to as PEEP|o^^'?

Where in the continuum of settings

does one expect to find the results

you're presenting?

Kuhlen: A very tough question, be-

cause with BIPAP/APPRV— or other

names—there is a big confusion on

nomenclature, not resulting from phys-

iology, meaning that BIPAP is a term

that is also used for the noninvasive

form of pressure support, so it's hard

to use both of those terms. The point,

probably, is that during APRV you

have a very clear timing window, and

in the original paper I guess it was 0.5

seconds for expiration.

There are data from Hedenstiema's

group' looking at lung collapse and

the dynamics of lung collapse with

computed tomography scans, which

showed that during severe forms of

acute lung injury patients develop lung

collapse, complete lung collapse,

within 300 milliseconds. So probably

I would have some problem accepting

that those short exhalation times open

*Warren G Sanborn PhD, Nellcor & Puritan

Bennett/Tyco Healthcare. Carlsbad. California

to ambient atmosphere and pressure

would show any benefit. 1 think you

are on the safe side when you keep the

PEEP le\el sufficiently high to pre-

\ent expiratory collapse.

How to deal with that is reminding

me of the issue of pressure versus vol-

ume control, and is there any place for

inverse ratio ventilation? I prefer to

do what I can see. and during venti-

lation modes where you have the end-

inspiratory and end-expiratory equi-

librium between alveolar pressure and

airway pressure, you see what you do.

Therefore, my personal point of view-

is that you should allow timings long

enough to have that equilibrium with

a short no-tlow interval at the end.

and then you can be sure that what

you see on the ventilator is also effi-

cient on the aheolar level. So that's

our approach to do that.
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Branson: When Jukka Rasanen did

a study on APRV here in the United

States (and we were part of that trial),

fully one third of the patients who en-

tered into the trial, when they went to

the appropriate CPAP level, no longer

qualified to be in the trial because they

were just doing spontaneous breath-

ing.' I think that's a good point that

you ha\'e to establish end-expiratory

lung volume in those patients with

acute lung injury.

REFERENCE

1 . Rasanen J. Cane RD. Downs JB. Hurst JM.

Jousela IT. Kirby RR. et al. Airway pres-

sure release ventilation during acute lung

injury: a prospective multicenter trial. Crit

Care Med 1991:19{ 10):1234-1241

,

Kuhlen: That is probably true for a

couple of trials that were trying to op-

timize the end-expiratory volume be-

fore patients were going into the pro-

tocol. I remember the discussion on

the partial liquid ventilation trial that

v\e had in Berlin when it was. I guess.

1 3 cm H,0 of PEEP before the pa-

tient went into the protocol, and by

doing so 1 had severe problems to in-

clude patients, because the one-organ-

failure patient who is not getting bet-

ter with a PEEP of 15 cm H^O is,

from my point of view, hard to find.

So there's no question at all that if

you restore the end-expiratory volume

before you go into a protocol that you

will lose a whole bunch of patients.

Branson: This is the problem we

have in doing spontaneous breathing:

How do you reconcile the concepts of

low tidal volume, low stretch, and per-

missive hypercapnia. or therapeutic

hypercapnia. and all those other things

with the spontaneous breathing tech-

nique?

Kuhlen: As I tried to point out. I

don' t see any contradiction there. What

we should do is head for all the goals

that are known to be good during me-

chanical ventilation—rather low tidal

volumes, good end-expiratory volume,

and, for example, if permissive hyper-

capnia develops, let it develop even

during spontaneous breathing. I don't

see any problems there. I wouldn't go

as far as others do in allowing low pH
values, because a pH of 6.9, for ex-

ample, is a very severe condition for

the respiratory muscles: the patient

will develop muscular insufficiency

simply because the muscles are work-

ing in the recruitment of severe aci-

dosis. So I don't think allowing a very

low pH is a good idea. My personal

point of view, and this perfectly

matches your consensus conference,

is to allow a pH of 7.2. I would stress

once again that we shouldn't forget

about those concepts we found during

mechanical ventilation. We shouldn't

head for assisted spontaneous breath-

ing with tidal volumes of 12 mg/kg

and not using PEEP. There have been

attempts to substitute recruitment

brought about by PEEP by spontane-
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ous breathing activity. 1 wouldn't do

that. I would allow spontanci>Lis

breathing on the PEEP. So I don't see

any contradietion.

Macintyre: One thing about APRV
iliai I've always had dift'ieult\ under-

standing is the deflation period and

how long to set it. There is concern,

obviously, of losing recruitment. At

the same time, however, one needs to

allow enough deflation so there's some

mechanical ventilatory support in ad-

dition to oxygenation support. Could

you use the reverse of pressure sup-

port—that is, have an expiratory flow-

triggering approach? As the expira-

tory flow reaches a certain level, it

then activates the next breath. That

could be a way of getting some degree

of \entilatory support but at the same

time not having unnecessary derecruit-

ment. Does that make sense?

Kuhlcn: If you want to support ven-

tilatioii, it |iri)bably makes sense. But

the question is whether you need to

suppiirt ventilation in that setting, be-

cause your comment is more related

to the original setting of APRV, where

the ventilatory part of ventilation was

taking place during the release to am-

bient pressure. If you would turn that

concept a little bit to what is called

BIPAP in Europe (although we have

also some confusion with that), a very

fair inspiratory/expiratory ratio is one

to one. Then you don't have that prob-

lem, because it becomes more com-

parable to conventional ventilation,

with the ventilation taking place dur-

ing the transition from low to high

and the release from hish to low. Once

again, I would have some problem with

the release, even short release to am-

bient pressure, and therefore my per-

sonal feeling is that we should look at

flow and we should watch that the

flow becomes zero, because then we

have equilibrium and we have an idea

that pressure is effective.

Macintyre: I'm trying to make sure

I understand. You're not talking about

John Downs's concept of APRV,
which he sometimes referred to as "up-

side down SIMV." You're talking

about using it as pressure-controlled

ventilation in a more traditional sense,

but allowing spontaneous breathing

throughout the cycle.

Kuhlun: Absolutely.

Macintyre: I see.
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Summary

There is increasing appreciation that lung-protective strategies are beneficial in patients with acute

respiratory distress syndrome. Using low tidal volume in these patients improves survival. However,

low tidal volume ventilation may promote alveolar de-recruitment. This has led some to advocate

the use of "open lung" strategies that stress the use of high positive end-expiratory pressure levels

and recruitment maneuvers. A recruitment maneuver is a sustained increase in airway pressure

with the goal to open collapsed lung tissue. A variety of approaches have been used as recruitment

maneuvers, including increasing the level of positive end-expiratory pressure, sustained inflation

maneuvers, sigh breaths, spontaneous breathing, and others. There have been a number of recent

reports describing improvements in arterial oxygenation with the use of recruitment maneuvers.

However, the impact of recruitment maneuvers on patient-important outcomes such as survival is

unknown. Key wanls: niccluinlcul vcntilatioii. alveolar reentiiinenl. leentitiueiit iiuineuveis, tidal vol-

ume, positive eud-expiratory pressure. PEEP. [Respir Care 20()2:47(3):308-317]

Introduction ical veiitilatiim can be not only lifesaving but can increase

morbidity and mortality if applied improperly. Accord-

One of the important advances in mechanical ventila- ingly, there has been much attention directed to lung pro-

tion in recent years has been the recognition that mechan- tection strategies during mechanical ventilation—particu-
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larly t'orpalicnls witli acute liuig injury and acuic ics|)iiat(iiy

distress syndrome (ARDS). Indeed, in such paiicnls, a

lidal volume (V,) of 6 mL/kg ot piedicied body weigiu

has been shown to signitieanily inipiove sui\ival. com

pared to a V, of 12 niL/kg.' The lesions in liie knigs of

patients with early ARDS are heterogeneous, with aieas of

collapse, consolidation, and edema as v\ell as parts of the

lungs that are relatively spared of the disease.- Ventilator-

induced lung injury may occur secondaiy to either ovcr-

disiention ot aheoli (it, a V-,^ too high) or with repetitive

opening and closure of lung units thioughout the respira-

tory cycle.' This injury can result in an mtlammatory re-

sponse that originates in the lungs-* and can spill iiitt) the

systemic circulation, affecting distal organs, and ultimately

producing multiple organ dysfunction syndrome.^

The application of low V,- ventilation may limit injury

from alveolar overdistention. However, it will not prevent

injury from repetitive alveolar opening and closing, and

may promote alveolar collapse. A recruitment maneuver is

a sustained increase in airway pressure with the goal to

open collapsed lung tissue, after which sufficient positive

end-expiratory pressure (PEEP) is applied to maintain the

lungs open. The goals of such a technique are as a lung

protection strategy, to decrease inflammation in the lungs,

and to improve oxygenation. Much enthusiasm for the use

of recruitment maneuvers* has occurred since the report by

Amato et aP** of a survival benefit associated with an

"open lung" strategy. As part of their "open lung" stiategy,

Amato et al described the use of a "reciuiting maneuver:

an inspiratory pause of 10-20 s. with a constant airway

pressure of 30-35 cm H^O." Herein we leview the exper-

imental, clinical, and technical aspects of reciuitment ma-

neuvers.

Support for Lung Recruitment from

Experimental Reports

In an eloquent model published over 30 years ago. Mead

et al'^ described stress distribution when the lungs are in-

flated in a nonuniform manner. They used mathematical

modeling, which they cleverly validated using a condom

model, to show the effects of interdependence of lung

units. The result of this inteidependence is that the pies-

sure tending to expand an atelectatic lung exceeds 100 cm
H,0. This potentially injurious pressure is presumably ame-

liorated if the collapsed alveolus is recruited to an opened

position.

In a classic paper. Webb and Tierney'" may have been

the first to demonstrate a lung-proteeti\e effect of PEEP.

Ventilator-induced lung injury occurred when the lungs of

rats were ventilated at an inspiratory pressure of 45 cm

H^O and zero PEEP. However, the addition of 10 cm H^O
of PEEP to the same high inflation pressure significantly

ameliorated the injury. Using a rat model. Uieyfuss et al'

'

also lepoiicd a lung-proleetive effect of PEEP when the

lungs weie ventilated with high aiiway pressures.

Several lejjorts have desciibcd ventilator-induced lung

iii)uiy associated with veniilaloiy [.atteins that promote

alveolar derecuitment. Corbiidge et al'- reported a lung-

protective effect of PEEP in a canine model of acute lung

injuiy. Muscedere et al" ventilated isolated, nonperfused.

lavaged rat lungs with physiologic V, (5-6 mL/kg) at

diffeient PEEP levels and reported that ventilation at low

PEEP levels that promoted alvet)lar derecruitment resulted

in a piogression of lung injury. Tremblay et al'^ reported

that ventilation strategies associated with zero PEEP (and

presumably alveolar deiecruilment) increased the concen-

tration of lung lavage cytokines.

Using computed tomography (CT) scans of the lungs.

Neumann et al'^ studied the effects of diffeient inspiratory

and expiratory pressures on the dynamics of lung collapse

and recruitment in oleic-acid injured pigs. To avoid cyclic

alveolar collapse during mechanical ventilation, they re-

ported that a PEEP level > 20 cm H2O or an expiratory

time < 0.6 s was required. Recruitment occurred primarily

within the first 1.4 s of inspiration with a pressure 15 cm

H2O above PEEP, but was incomplete even with an in-

spiratory pressure of 40 cm HjO. In a follow-up study

using a similar animal model, the same group of investi-

gators'* reported that maintenance of alveolar recruitment

was better achieved using PEEP than with the use of in-

verse-ratio ventilatit)n.

Rimensberger et al reported the effects of lung recruit-

ment maneuvers in 3 small animal studies. In the first

study," isolated nonperfused lavaged rat lungs subjected

to a recruitment maneuver of 30 cm H^O for 30 s showed

significantly less injury than lungs that did not receive this

intervention. In the second study.""' rabbits with acute lung

injury showed better lung mechanics and oxygenation fol-

lowing a recruitment maneuver of 30 cm H^O for 30 s than

did animals in which the recruitment maneuver was not

performed. In yet another study using rabbits with acute

lung injury. Rimensberger et al'"^ reported that using a

recruitment maneuver during small Vy ventilation and

maintaining lung volume above the critical closing pres-

sure of the lungs provides protection from ventilator-in-

duced lung injury. In those studies it was shown that use

of a recruitment maneuver resulted in ventilation on the

deflation limb of the pressure-volume curve. This resulted

in less lung injury than at lower levels of PEEP without the

recruitment maneuver.

Fujino et al-" studied the use of recruitment maneuvers

in a large animal model of acute lung injury. Following

saline lavage, the effects of 2 recruitment maneuvers were

compared: 40 cm HjO continuous positive airway pres-

suie (CPAP) for 60 s. or 40 cm H,0 PEEP with pressure

control of 20 cm H^O at a respiratory rate of 10 breaths/

min and inspiration-expiration ratio of 1 : 1 for 2 min. Max-
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imum lung recruitment was obtained using high PEEP

with pressure control, hi some animals multiple recruit-

ment maneuvers were required for maximum effect. No
physiologic or histologic harm was reported with the use

of these recruitment maneuvers.

These animal studies demonstrate that alveolar collapse

is potentially injurious and that collapsed alveoli can be

recruited by application of high pressure to the airway.

Although these animal studies provide proof of concept,

caution must be exercised before extrapolation to ARDS
patients. First, some of these studies used small animal

models and, in some cases, ex-vivo preparations. In many

cases, models of injury were used in which there is a great

potential for alveolar recruitment—for example, lung la-

vage or oleic acid models. Pelosi et al-' and van der Kloot

et al-- showed that these models of lung injury are highly

recruitable. Third, none of these models appropriately sim-

ulate conditions commonly found in critically ill humans,

such as sepsis and hemodynamic instability. Moreover, all

animal studies are limited in duration and thus no long-

term effects (good or bad) of recruitment maneuvers are

reported.

Human Reports

Atelectasis During General Anesthesia

A

B

IM-
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Fig. 2. Computed tomogram of the thorax before (left) and after

(right) a recruitment maneuver. Note the decreased amount of

dependent atelectasis following the recruitment maneuver.

Foti et al-'* performed lung recruitment maneuvers by

periodic increases in PEEP of about 5 cm H-,0 for 2 con-

secutive breaths each minute. The use of lung recruitment

maneuvers resulted in an increase in ?,(, and end-expira-

tory lung volume. However, the effect of recruitment ma-

neuvers applied in this manner was not as beneficial as

continuous application of PEEP at the higher level.

In a single case report. Medoff et al-" described the

effects of an aggressive recruitment maneuver in an ARDS
patient and severe gas exchange abnormalities. The re-

cruitment maneuver consisted of PEEP of 40 cm H2O and

20 cm H^O pressure-controlled ventilation above PEEP
for 2 min. followed by a PEEP of 25 cm H^O to sustain the

effect. After the recruitment maneuvers there was a dra-

matic improvement in gas exchange and nearly complete

recruitment of the lung, as assessed by CT (Fig. 2).

The effects of recruitment maneuvers in patients with

acute lung injury was studied by the ARDS Network.'"

Recruitment maneuvers consisting of an airway pressure

increase of 35-45 cm H^O for 30 s (69 patients) were

compared to sham recruitment maneuvers (no change in

ventilator settings) (75 patients). The odds ratio that the

fraction of inspired oxygen (F,o,) or PEEP could be de-

creased after the recruitment maneuver was 1.84 (confi-

dence interval 0.89-3.80. p = O.IO). Although no baro-

trauma was observed, hypotension was substantial in some

patients. Because of those findings, the use of recruitment

maneu\ers was abandoned for futility. However, that may
have been an underpowered study, as noted by the wide

range of the confidence interval for the odds of reducing

the F|(, or PEEP. The lower value of the confidence in-

terval is nearly 1 .0. the level at which the odds ratio would

be statistically significant. Moreover, one might also ques-

tion the prudence of a PEEP decrease as a desired outcome

of the recruitment maneuver, when others have reported

the need to increase PEEP to maintain the effects of a

recruitment maneuver.

Richards et al^' reported a rapid improvement in oxy-

genation with the use of recruitment maneuvers in 19 pa-

tients with severe ARDS. The recruitment maneuver was

applied after turning the patient to a prone position. The

recruitment maneuver consisted of a sustained inflation for

90 s at a pressure of 40-50 cm H,0. after which the PEEP

was set to 15 cm H^O. This recruitrtient maneuver im-

proved the R,„/F|o, ratio from 75 to 218 (p < 0.001).

Blood pressure and S|,,, remained stable throughout the

procedure and there was no evidence of barotrauma.

The role of PEEP and recruitment maneuvers with low

V| was studied by Richard et al'- in 10 ARDS patients.

Using a crossover design, recruited lung volume was com-

pared using either a recruitment maneuver or by increasing

PEEP. The recruitment maneuver consisted of 2 sustained

inflations at 45 cm H^O. For the PEEP increase, the PEEP
level was raised by 4 cm H^O. The low V^- de-recruitment

was reversed by using either the recruitment maneuver or

an increase in PEEP. These results suggest that, when

using a low V, lung-protective strategy, alveolar de-re-

cruitiTient may be transiently reversed by a recruitment

maneuver or prevented by an increase in PEEP. Subse-

quent to that study, Mancini et af" reported a significant

improvement in arterial oxygenation following lung re-

cruitment with increased PEEP (mean 18 cm H2O) in 8

ARDS patients in whom low V-p was used.

Lim et al'"* reported the effects of an "extended sigh" as

a recruitment maneuver in ARDS patients. With this ap-

proach, PEEP was increased in a stepwise fashion to 30

cm H2O as Vy was decreased, resulting in elevated airway

pressures over several minutes. This approach was inves-

tigated in 20 ARDS patients. Use of this recruitment ma-

neuver resulted in modest and sustained improvements in

P^o, <in<^ respiratory system compliance.

Crotti et al'^ studied alveolar recruitment and de-recruit-

ment in 5 patients with acute lung injury/ARDS. Interest-

ingly, they reported a potential for recruitment of only

about 6% of lung parenchyma. Perhaps the most provoc-

ative part of that report was a statement that summarizes

the current state of lung recruitment maneuvers for ARDS:

... we now know that V,.. which repeatedly en-

croach on the lung expansion limits, should be

avoided, and that lung collapse and reopening that

occur throughout the respiratory cycle are likely to

be dangerous. We lack evidence, however, that al-

lowing the airway to remain closed is dangerous.

ARDS has been categorized as direct (primary or pul-

monary) and indirect (secondary or extra-pulmonary).'* ''

With direct (pulmonary) ARDS. the insult resulting in

ARDS directly affects the lung parenchyma. Examples

include pneumonia and aspiration. With indirect (extra-

pulmonary ARDS). the insult results from an acute sys-

temic inflammatory response. Examples include sepsis and

acute pancreatitis. With pulmonary ARDS. the lungs are

predoiTiinantly consolidated, whereas alveolar collapse

tends to be predominant with extra-pulmonary ARDS. Ac-

cordingly, one might suspect that the potential lung re-

cruitment might be greater with extra-pulmonary than with

Respiratory Care • March 2002 Vol 47 No 3 311



Lung Recruitment: The Role of Recruitment Maneuvers

pulmonary ARDS. This has indeed been shown to be the

case in both animal models of ARDS" and m ARUS
patients.-"-"''

From the human reports of the use of recruitinent ma
neuvers. the following observations can be made

1. Recruitment maneuvers may decrease atelectasis in

patients following general anesthesia and in patients with

acute lung injury or ARDS.

2. Some ARDS patients have dramatic improvements in

physiologic measures such as P^y, following the applica-

tion of a recruitment maneuver.

3. Although recruitment maneuvers have generally been

reported to be safe, substantial hypotension may occur

during the procedure and the risk of barotrauma must be

considered.

4. There is no uniform approach to the application of

recruitment maneuvers reported in the literature.

5. Most studies reported to date have enrolled a small

number of patients. The total number of patients in whom
recruitment maneuvers have been reported is only about

200.

6. Only one study of recruitment maneuvers to date has

been a prospective randomized controlled trial.
''o No study

has reported the effect of recruitment maneuvers on pa-

tient-important outcomes such as survival.

7. Recruitment maneuvers may be more useful for ex-

tra-pulmonary ARDS than for pulmonary ARDS.
8. Given the limitations of the current evidence, the use

of recruitment maneuvers should not be considered stan-

dard practice in the care of patients with acute lung injury

or ARDS.

Techniques to Facilitate Lung Recruitment

Increased Positive End-Expiratory Pressure

The most common approach used to improve lung re-

cruitment is to increase the level of PEEP. Although PEEP
per se does not recruit collapsed lung tissue (unless, of

course, the PEEP level is set very high), PEEP does pre-

vent alveolar derecruitment during exhalation. In an at-

tempt to maximally recruit the lungs (targeting the lowest

attainable shunt), the use of PEEP levels as high as 50 cm
HiO has been advocated in the care of post-surgical pa-

tients with ARDS.-*"^- although this approach is not com-

monly accepted by the critical care community.

Using chest CT. Gattinoni et aH' studied the effects of

PEEP on alveolar recruitmciil in 8 ARDS patients. PEEP-

induced alveolar recruilmenl increased significantly as

PEEP was increased from 1 to 20 cm H^O. Plateau pres-

sure-induced recruitment was not significantly different

for the various levels of PEEP. Tissue subjected to col-

lapsing and reopening decreased significantly with increas-

ing levels of PEEP. The authors concluded that PEEP had

the effect of keeping open alveoli recruited by the plateau

pressure.

Sustained Intlation

A sustained intlation is the recruitment maneuver that

has received the most attention.'^
-^-"^ " With this approach,

a prolonged high pressure is applied to the airway. A
common approach is to set the \entilator to CPAP mode

(ie, no mandatory breaths are delivered) and increase the

pressure to 30-40 cm H-,0 for 30-40 s while carefully

monitoring the patient for signs of adverse effects such as

hemodynamic compromise. More aggressive techniques

add pressure-controlled breaths during the PEEP increase

(eg, pressure control of 10-20 cm H^O with a respiratory

rate of 10 breaths/min and an inspiration-expiration ratio

of I ; 1 ).

Sigh

In the 1960s it was reported that a monotonous pattern

of breathing—particularly during general anesthesia—re-

sulted in alveolar collapse,-"-''^ which may be prevented by

periodic sigh breaths.-'"-*'' This led to incorporation of a

sigh mechanism into the design of critical care ventilators.

However, the use of sigh breaths was eventually aban-

doned as futile.
^'^'^" probably because the sigh breaths

were too infrequent and not of adequate magnitude and

duration.

With the increased use of low V-,. during the mechanical

ventilation of ARDS patients, interest in the use of sighs to

maintain alveolar recruitment is again being explored. -*•-'*-'''

During the ventilation of ARDS patients. Pelosi et al-"

used a sigh, which consisted of 3 consecutive breaths per

minute at a plateau pressure of 45 cm H2O. Foti et al-^

applied a sigh by increasing the level of PEEP, while

keeping Vj constant, for 2 breaths each minute (Fig. 3). In

patients recovering from acute respiratory failure who are

ventilated with pressure support, periodic sighs can be

provided using modes such as the PCV+ mode (called

BIPAP mode in Europe) of the Driiger Evita 4 ventilator

(Fig. 4) or the BiLevel mode of the Puritan-Bennett 840

ventilator. To provide a sigh using those nrndcs, an in-

spiratory pressure of 20-30 cm H^O is applied foi 1-3 s at

rate of 2-3 breaths/min. Those modes use an acli\'c exha-

lation valve, allowing the patient to breathe spontaneously

during the higher pressure setting, which may improve

patient comfort and patient-ventilator synchrony.

Spontaneous Breathing

In 1974, Froese and Bryan-*^- fluoroscopically evaluated

the movement of the diaphragm in 3 adult \i)lunteers,

awake and anesthetized, and during spontaneous breathing
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Fig. 5. Diaphragm position and motion during spontaneous breath-

ing, spontaneous breathing during anesthesia, and dunng paral-

ysis. The dashed line represents the normal position of the dia-

phragm at end-exhalation. The shaded area represents diaphragm

movement. (From Reference 52, with permission.)

Airway Pressure

10 20 30
Time (s)

Fig. 3. Lung recruitment maneuver in which the level of positive

end-expiratory pressure is increased for 2 breaths each minute.

(From Reference 28, with permission.)

and mechanical ventilation. In the supine position the gieat-

est displacement of the diaphragm occuned in the depen-

dent region. Anesthesia and/or paralysis caused a cephalad

shift of the diaphragm that was most pronounced in the

dependent region. Moreover, with paralysis and mechan-

ical ventilation, passive mechanical ventilation preferen-

tially displaced the diaphragm in the most nondependent

regions (Fig. 5). Accordingly, one might speculate that

passive mechanical ventilation (ie. with no spontaneous

breathing efforts) could lead to dependent alveolar col-

lapse. A logical extension of this thinking is that modes of

spontaneous breathing that require active diaphragmatic

contraction might prevent and/or reverse dependent alve-

olar de-recruitment.

Airway pressure release ventilation (APRV) is a rela-

tively new ventilator mode that achieves mechanical ven-
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Fig. 7. Biologically variable ventilation. Note that the respiratory

rate varies over time around a mean of 15 breaths/min. f = respi-

ratory frequency. (From Reference 65, with permission.)

Fig. 8. A: Anterior-posterior chest radiograph of a patient with

severe acute respiratory distress syndrome, in whom a recruit-

ment maneuver was being considered. B: A chest computed to-

mogram of the same patient shows the presence of a large right-

sided antenor pneumothorax, which contraindicated the use of a

recruitment maneuver.

genation.'''^
'"' However, no data have been reported on the

use of this technique in mechanically ventilated humans.

by ventilation with very small V-,-. The feasibility of high-

frequency oscillatory ventilation in adults with ARDS has

been established in several case series,^'*
'•'' but the role of

this approach remains to be verified in prospective ran-

domized controlled trials.

Prone Position

There has been much interest in the use of prone posi-

tion during ventilation of ARDS patients, and many such

patients show improved oxygenation when turned to the

prone position. Experimental animal models have suggested

that the prone position may afford lung protection''''*' and

prone position can be combined with the use of a recruit-

ment maneuver.*- Guerin et al*' studied the effect of prone

position on alveolar recruitment in 12 patients with acute

lung injury and reported that the change in oxygenation

that occurred with prone position correlated with the amount

of recruited lung volume. Although prone positioning may

promote alveolar recruitment in some patients and im-

proves oxygenation in many patients, a recent study re-

ported no survival benefit from the use of prone position-

ing in ARDS patients."-' However, that study did report a

survival benefit for the most severely ill patients and the

duration of prone (> 6 h/d) may have been insufficient.

Biologically Variable Ventilation

Biologically variable ventilation (noisy ventilation) is

an approach to ventilation in which respiratory rate and Vj

are varied over time, while the minute ventilation is main-

tained constant (Fig. 7). The result is some breaths in

which the V-, is very small and others in which the Vj is

large. In animal models this form of ventilation has been

shown to recruit atelectatic alveoli and improve ailerial oxy-

Monitoring Recruitment

The best approach to monitoring the effects of lung

recruitment maneuvers is not known. The easiest and most

practical method is to evaluate arterial oxygenation. If

alveolar recruitment occurs, there should be a subsequent

improvement in intrapulmonary shunt, and arterial oxy-

genation (Pjo, and Spo,). proxided that hemodynamics and

Paco, ('S' dead space) are unchanged. In the clinical re-

ports to date of recruitment maneuvers, arterial oxygen-

ation has been the most commonly reported physiologic

outcome measure. The most commonly reported adverse

effect of recruitment maneuvers is hemodynamic compro-

mise. Accordingly, hemodynamics (at the least, arterial

blood pressure) must be monitored carefully during and

following the application of a recruitment maneuver.

CT of the lungs is an attractive technique to evaluate not

only the potential for benefit from a recruitment maneuver

but also the amount of recruitment resulting from the ma-

neuver.'** '" Although chest CT has become increasingly

available and is frequently used in clinical investigations

of ARDS. its routine use in the intensive care unit is still

impractical. When possible, chest CT may be useful to

assess patients before performing the recruitment maneu-

ver—particularly to rule out the presence of pneumotho-

rax, in which case a recruitment maneuver would be con-

traindicated (Fig. 8). Techniques such as electrical

impedance tomography are promising.*'* but have not been

extensively studied and are not yet available in the United

States.

Summary

Use of lung-protective strategies when providing me-

chanical ventilation for the ARDS patient is widely ac-

cepted. Alveolar recruitment as a lung-protecti\e strategy
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is attractive. Recruitment maneuvers improve oxyszenalion

in many ARDS patients, and CT ot the thorax show s less

alveolar collapse. However, the long-term benefit and safety

of recruitment maneu\ers remains to be determined. More-

over, there are many methods that can be used to recruit

the lungs and there is little guidance regarding whicli shiuild

be used. It is unknown whether recruitment maneu\ers

should be used as a rescue therapy to improve oxygenation

in patients with severe ARDS. or if they should be used as

a lung-protective strategy to improve patient-important out-

comes such as survi\'al. .\s suggested by Suter. "Let us

recruit the lung and keep an open mind.'"'''' Given the

current state of knowledge, one cannot make a dogmatic

argument for or against the use of lung recruitment ma-

neuvers in ARDS patients.
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Discussion

Epstein: Yoit started lo allude to

the timing of recruitment maneuvers.

At what point in the course of ARDS
should we not consider the recruitment

maneu\er? At v\ hat point do you think

the lung is utilikely to be recruited?

Hess: 1 don't know if we knov\ the

answer to that from the literature. I

would say that I tend to get more ner-

vous about recruittnent maneuvers af-

ter about 3 to 5 days into the course of

ARDS.

Epstein: I remember Marcelo

Amato telling me that the reason his

patients seem to tolerate recruiting ma-

neuvers better than my patients do is

that he allows them to become very

hypercapnic before doing the maneu-

ver. He feels that this preserves he-

modynamics during the maneuver. I

wonder if anyone else here has any

experience with that approach.

Blancti: We have experience on that:

in a series of patients with early ARDS
we performed recruitment maneuvers

by applying pressure control and high

PEEP during 2 minutes.' During the

recruitment maticuver, cardiac output

did not change, despite the fact that

arterial P^-q increased significantly.

We attributed that to the systemic ef-

fects of hypercapnia. We also have

experience on recruitment maneuvers

during late-phase ARDS (more than 7

days), and a rather modest response in

oxygenation was found. To as.sess the

safety of the recruitment maneuvers,

we perform a chest x-ray 24 hours

after the maneuver and extra-alveolar

air was not found in any patient.
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Hess: One of the things that con-

cerns me a little bit is this. I go to the

intensive care unit, there's a patient

with bad ARDS who has been there a

week to 10 days, and I'm told we've

done high pressure recruitment ma-

neuvers many times without any ben-

efit, and I wonder why we keep doing

these high pressure recruitment ma-

neuvers this late out in the course of

ARDS if we're not getting any bene-

fit.

Kacmarek: In the trial of high-fre-

quency ventilation that Tom Stewart

is conducting.' it calls for recruitment

maneuvers twice a day for up to 10

days. Now, there isn't an abundance

of patients who have been recruited,

but in the 15 or 18 patients studied

there have been no adverse outcomes

or pneumothoraces. Some patients he-

modynamically don't tolerate recruit-

ment well, but there have been no ma-

jor problems thus far with recruitment

maneuvers. Whether all patients re-

quired daily recruitment maneuvers is

still not known.
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Hess: I think the more important

question is whether there is any ben-

efit after the third or fourth day?

Kacmarek: Yes, and that I can't

tell you.

Maclntyre: Just a couple of com-

ments about the ARDS Network re-

cruitment maneuver study you re-

ported. First of all, 1 thought you were

very fair to the group. There was a lot

of controversy about that paper, as you

might have expected. You stated that

it was stopped for futility. That was

because, a priori, the group decided

they wanted to see almost a tripling in

the number of PEEP/F|q steps you

could move in the treated group com-

pared to the control group. A lot of us

thought that was a little stringent, but

that was what they adopted. It turned

out that it was about a doubling of

steps in favor of the treatment group,

but that did not reach statistical sig-

nificance.

Hess: Which 1 might argue was

pretty good.

Maclntyre: Well, there were many

of us (atid I'm a co-author on that

paper) who argue that the improve-

ment was actually fairly impressive.

The second point to be made is that, if

you look at the patients in that study,

some of them had no benefit at all.

But there were some with very dra-

matic changes in PEEP/F|o, steps. As

a matter of fact, the most dramatic

changes in PEEP/F|o steps occurred

in a handful of patients treated with

recruitment maneuvers. I think the

message I take from that, going along

with what you said, is that not every-

body benefits but that there are some

out there in whom, I believe, that par-

ticular maneuver can greatly improve

recruitment. Having said that, I still

think the question remains as stated.
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on one of your first slides: Are open

lungs really happy lungs, or are they

just pretty lungs?

Hess: There are certainly some au-

thorities who believe that all we should

do is optimize the PEEP and leave it

at that.

Blanch: 1 have been concerned

about doing recruitment maneu\ers in

patients with bacterial pneumonia.

You have reviewed the literature very

nicely and you have a lot of experi-

ence: what is your opinion about do-

ing recruitment maneuvers in those

patients?

Hess: In a patient who has consoli-

dative bacterial pneumonia. I'tti not

real keen on doing recruitment ma-

neuvers, primarily because the prob-

lem there isn't a collapsed alveolus

that you can open up with high pres-

sure. The alveolus may already be

maximally distended with inflamma-

tion and pus and bacteria. 1 am not

very keen about doing recruitment ma-

neuvers on patients with consolidative

ARDS, because I don't think the prob-

lem there is that the lung is collapsed.

The problem is that the lung is filled

with intlammatory exudate, which you

probably don't want to push into the

blood stream.

Weiler:* I have seen exactly in this

group of patients with pneumonia who
have been transferred from other hos-

pitals to our ICU. that by performing

a classic recruitment maneuver, you

can induce a septic constellation within

half an hour or an hour. I have watched

this in at least 5 or 6 patients. Also in

patients in a stage of late ARDS, if

you perform very aggressive recruit-

ment maneuvers, you can sometimes

see septic signs within 12 to 24 hours.

Hess: We've seen some of the same

thing. We have talked about putting

together a study of cytokines before

and after recruitment maneuvers. The

hypothesis is that in the type of pa-

tient you refer to there may be a flood

of cytokines that dump out into the

circulation after doing the recruitment

maneuver.

Kuhlen: You very clearly pointed

out that rather hiah PEEP levels are

*Norbert Weiler MD, Department of Anesthe-

siology. Johannes Gutenberg University Hospi-

tal. Mainz, Germany

necessary to retain the result of the

active recruitment maneuver. Are you

aware of any data showing that there

is benefit, not in terms of outcome,

but in terms ofoxygenation ifyou com-

pare active recruitment maneuvers at

high PEEP levels with high PEEP lev-

els per se?

Hess: 1 don't know of any studies

that compared them head to head.

There have been studies looking just

at the effects of high PEEP levels, and

there have been studies of the effect

of recruitment maneuvers, but I don't

think there have been any studies in

which patients have been randomized

to one or the other approach. Most of

these reports that I refeiTcd to are re-

ally nothing more than before-and-af-

ter trials. The only one that involved a

randomized controlled trial was the

ARDS Network study.'

REFERENCE

Brower RG, Clemmer T, Lanken P, et al.

Effects of recruitment maneuvers in acute

lung injury patients ventilated with lower

tidal \olumes and higher positive end-ex-

piratory pressures (abstract). Am J Respir

Cnt Care Med 200I:I63:A767.

318 Respiratory Care • March 2002 Vol 47 No 3



Ventilatory Adjuncts

Robert M Kacmarek PhD RRT FAARC

Introduction

Tracheal Pressure Triggering

Automatic Tube Compensation

High Frequency Oscillation

Tracheal Gas Insufflation

Partial Liquid Ventilation

Prone Positioning

Summary

A number of adjuncts to mechanical ventilation have been the focus of recent research. Automatic

tube compensation (the regulation of airway pressure by estimation of tracheal pressure) appears

to be an ideal approach to unloading the resistive effort imposed by the endotracheal tube. Ran-

domized controlled trials have recently been performed with high frequency oscillation (HFO),

partial liquid ventilation (PLV). and prone positioning. Unfortunately, all of those trials were

negative; however, it appears the only technique that will be abandoned for the near future is PLV.
The HFO trial trended toward benefit with HFO, and one must question the protocol used in the

prone positioning trial. With both HFO and prone positioning we will have to wait for additional

randomized clinical trials before the status of those techniques can be determined. No randomized

trials of tracheal gas insufflation have been performed. Of major concern with tracheal gas insuf-

flation is the lack of a commercial product. Key words: mechanical ventilation, tracheal pressure

trii^t^cring. automatic tube compensation, high frequency oscillatoiy ventilation, tracheal gas insufflation,

partial liquid ventilation, prone positioning. [Respir Care 2002;47(3):3 19-330]

Introduction

Over the last 10 to 15 years a great deal of research

interest has focused on alternative approaches to establish-

ing adequate gas exchange or the use of adjuncts to me-
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chanical ventilation. The list of potential topics under this

heading is large and includes tracheal pressure-triggering,

automatic tube compensation (ATC). high-frequency os-

cillation (HFO), partial liquid ventilation (PLV), tracheal

gas insufflation (TGI), and prone positioning. This review

focuses on the current status of each of those adjuncts and

comments on the cuiient clinical usefulness of each.

Tracheal Pressure Triggering

A number of investigators have shown that artificial

airways, especially endotracheal tubes (ETTs), can impose

a resistive load'"* that is indirectly related to the size of the

airway and directly related to \entilatory demand. As il-

lustrated in Figure 1. from Banner et al,^ a marked de-

crease in the effort to trigger the mechanical ventilator and

inspire spontaneously through an ETT occurs if pressure is
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SIZE 8 mm FTT

PEAK INSPIRATORY .

FU)W RATE DEMAND .

(Umin)
30 60 90

CONVENTIONAL
PRESSURE

TRJGGERJNG

FLOW BY
TKICCERING

01

D
O
>

TTIACHEAL
PRESSURE

TVIOGEIUNG

300 d
1

10

I

13

I

20

500

230 -

.

I

,.

10 13

PRESSURE AT TRACHEAL END OF ENDOTRACHEAL TUBE (cw H^)

Fig. 1. Pressure-volume (imposed work) loops during spontaneous inhalation (I) and exhalation (E) during continuous positive airway

pressure (CPAP) of 10 cm H2O for an 8 mm internal diameter endotracheal tube (ETT) at peak Inspiratory flow demands of 30, 60. and 90

LVmIn during conventional pressure-triggering, flow-by triggering, and tracheal pressure-triggering. The area circumscribed within the

Inspiratory portion of the loops (shaded) Is the inspiratory Imposed work of breathing: the greater the area, the greater the work, and vice

versa. Note that work increases as peak Inspiratory flow demand increases for each method of triggering and significantly (p < 0.05) less

work results with tracheal pressure-triggering than with other methods. (From Reference 4, with permission.)

sensed at the level of the trachea instead of internal to the

ventilator, as is common practice \\ ith most intensive care

ventilators. Although these data suggest benefit from chang-

ing from pressure-triggering to tlovv-triggering. data on the

newest generation of mechanical ventilators indicate that

the resistive load to triggering is markedly reduced regard-

less of whether pressure or tlow-triggering is used."^ There

is also no question that a further reduction in work of

breathing would be possible if triggering and pressure man-

agement occurred at the tracheal le\el. Hov\e\er. the tech-

nical issues associated with continuous tracheal pressure

measurement have made that approach unfeasible. A pres-

sure sensor v\ould have to be placed at the tracheal level,

which w ould require replacement of the ETT or the added

e.xpense of having pressure sensors implanted in all air-

ways. In addition, the environment of the trachea is harsh,

which makes it unlikely that a sensor would function ap-

propriately for an extended period. So. although tracheal

pressure monitoring and triggering is feasible, the tech-

nique does not offer a cost/benefit relationship that would

make it clinicallv useful.

Automatic Tube Compensation

Despite data indicating increased resistive loads from

ETTs,'-' there is still controversy about the impact of

ETTs on work of breathing. Brochard et al,"^ using vari-

ous techniques to assess pressure and flow changes across

artificial airways, arrived at differing results. Their earlier

data indicated that an appropriately sized ETT imposed

work greater than that experienced by patients after extu-

bation (Fig. 2).'' whereas more recent data^ (Fig. 3) indi-

cate no difference in work before and after extubation.

However, one has simply to walk briskly up a flight of

stairs breathing through an 8 mm internal diameter ETT to

experience the potential ventilatory load imposed by an

artificial airway.

A recent study by Diehl et al,** using volunteers and a

lung model, clearly illustrated the improved alveolar pres-

sure waveform achieved by simply changing the location

where airway pressure is targeted. As illustrated in Figure

4, pressure support (PS) on a lung model was compared

when pressure was controlled and measured internal to the
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Fig. 2. Comparison of work per liter o* ventilation (WA/^) during the 6 modes of ventilation. PS 12, PS 8, PS 4, and PS are the levels of

pressure support (12. 8. 4, and cm H,0) DISC = the penod of disconnection from the ventilator before tracheal extubation. EXT = the

period studied 30 min after extubation. Significant differences relative to EXT: * = p < 0.05, " = p < 0.01. (From Reference 6, vs/ith

permission.)

ventilator (PSvent) and at the artificial airway, and by

estimating the alveolar pressure from measurement of total

respiratory system resistance. The amount of support pro-

2.5

2.0

"2 1.5

wu

o

I.O

0.5

0.0
T-piere (beginning) T-piece (end) Posl-extubation

Fig. 3. Evolution of patient work of breathing (WOB). Cihanges

in mean work of breathing between the beginning of the T-piece

trial, end of the T-piece trial, and immediately after extubation.

Triangles = total WOB. Squares = transpulmonary elastic WOB.
Circles = transpulmonary resistive WOB. Vertical bars represent

standard deviations. (From Reference 7, with permission.)

vided at the alveolar level increased as the point of PS

targeting moved closer to the alveolar level. As expected,

volunteers, whether breathing relaxed or stressed, experi-

enced a marked reduction in work of breathing and in-

spiratory pressure time product as the location of PS tar-

SB PSvent PSaw PS^

Flow
(L/s)

20 n
Pvent J

(cmHjO) '"1
oJ
20

(cmH.O) "•

20
P*

in
(cmH.O) 1"

3

-J

mMiMMm.
i^I^ mmE

5 sec

Fig. 4. Pressures obtained inside ventilator (Pvent), at mouth (Paw),

and inside pressunzed chamber (P^ dunng simulated spontane-

ous breathing with pressure support (PS) device disconnected

(SB) and during each condition of PS regulation: PSvent regula-

tion, PSaw regulation, and PS^ regulation. (From Reference 8, with

permission.).
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Fig. 5. Volume (V) versus pressure (P) in a tracheally intubatPd patient during spontaneous breatliing with inspiratory pressure support

{positive end-expiratory pressure = 5 cm H2O, inspiratory pressure support = 5 cm HjO). Tracheal pressure (P^ach) is calculated using the

resistance coefficients specific to the endotracheal tube (ETT). The pressure drop across the ETT is indicated by a broken arrow (APETT-i =

inspiratory pressure drop, APETT-e = expiratory pressure drop). The direction of the arrow points from airway pressure to tracheal pressure.

(From Reference 11, with permission.)

geting moved from the ventilator to the airway and to the

alveolar level.

The concept of alternative site targeting of airway pres-

•sure is the basis for ATC.'"" ATC targets pressure at the

tracheal level, adjusting pressure delivery in an attempt to

maintain tracheal pressure constant at the end-expiratory

level. ATC is specifically based on earlier work by Gutt-

man et al (Fig. 5). who found that tracheal pressure change

during relaxed or stressed breathing could be determined

by measuring inspiratory and expiratory tlow and by know-

ing the flow resistive properties of the specific artificial

airway."'- With those data it is easy to calculate the mo-

ment-to-moment pressure change needed to maintain flow:

AP = RV, in which AP is pressure change, R is resistance,

and V is flow. Thus, with ATC the ventilator must know

the size of the airway and must continually measure tlow.

Airway pressure is thus increased during inspiration and

decreased during expiration (below baseline) to maintain

tracheal pressure constant."

The inspiratory aspects of ATC are similar to resistive

unloading during proportional assist ventilation, but ATC
only targets the effects of the artificial airway, not the

whole respiratory system." It has been argued that ATC is

more efficient than simple PS because the level of support

(during inspiration) needed to unload resistive effort dur-

ing ATC is continually calculated and modified.' "* During

ATC, inspiratory pressure decreases as inspiratory demand

decreases and ATC does not force a ventilatory pattern,

as does PS. ATC has been shown in volunteers not to

alter tidal volume (Vy) or minute volume, whereas both

PS of 3 and 10 cm HoO increased V-,-. altering ventilatory

pattern.
'*

Figures 6 and 7 compare ATC and PS in patients with

low and high ventilatory demand. '"^"^ Figure 6 illustrates

the actual change in airway and tracheal pressure during

ATC and PS in a stressed chronic obstructive pulmonary

disease patient and an unstressed postoperative patient.'-"^

In the stressed patient, 15 cm H^O PS under-supported the

patient, whereas 10 cm H^O PS over-suppoiled the post-

operative patient. In both patients, ATC better maintained

a constant tracheal pressure. Figure 7 illustrates the effects

of inspiratory ATC versus continuous positive airway pres-

sure and PS on work of breathing in a series of patients

with high and low ventilatory demand."- It seems from

data such as these that ATC may be much better than PS

in unloading resistive effort in patients with high ventila-

tory demand, since it takes the guesswork out of setting

PS. Specifically, ATC may prevent under-supporting the

highly stressed patient.

Patient-preference data also indicate that patients prefer

both inspiratory and expiratory ATC over PS.'-"-"* How-

ever, expiratory ATC is a potential concern, especially in

chronic obstructive pulmonary disea.se patients, in whom

the use of ATC may be most indicated. Avoiding the
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Fig. 6. Airway pressure (P^J and tracheal pressure (P,rach) curves under inspiratory pressure support (upper graphs) and automatic tube

compensation (ATC) (lower graphs) in a patient after open-heart surgery (left) and a patient critically ill with chronic obstructive pulmonary
disease (COPD) (right). Note that although the ventilator lowers P^^ during expiration to subatmospheric pressure (bottom left), controlling

the expiratory valve ensures that P„3^f, is above or equal to positive end-expiratory pressure (PEEP). The patient with acute respiratory

insufficiency under ATC generates an inspiratory flow of > 2 LVs (bottom right), which accounts for part of the deviation between P„^^t, and
PEEP. (From Reference 15, with permission.)

resistive load imposed by the ETT during exiialation in

chronic obstructive puhnonary disease patients may cause

premature closing of unstable airways and, thus, increased

air trapping and intrinsic positive end-expiratory pressure

(PEEP). Unfortunately, few data are available regarding

that problem, so ventilator companies have allowed the

clinician either to choose to use inspiratory or expiratory

ATC or both, or they provide only inspiratory ATC.
As with many new ventilation adjuncts, no outcome

data are available, only short-term physiologic data have

been published. However. ATC appears to be a good way
of providing the appropriate amount of PS to overcome the

resistive load of the artificial airway and may be more

effective than PS because pressure is adjusted continu-

ously based on patient demand. It should, however, be

stated that ATC cannot compensate for secretions adher-

ing to the walls of artificial airways or kinks in airways.

ATC operates only by calculating the resistive properties

of a normal artificial airway.

High Frequency Oscillation

Interest in the adult-patient use of HFO for the manage-

ment of acute respiratory distress syndrome (ARDS) has

increased o\er the last 10 years, paralleling the heightened

interest in ventilator-induced lung injury and lung-protec-

tive ventilation strategies. HFO. by design, as discussed by

Froese,''' (Fig. 8) theoretically fits into the pressure-vol-

ume window that avoids lung injury. Vj is generally very

low. with small alveolar pressure changes, and the mean

airway pressure (in this setting similar to PEEP) is main-

tained sufficiently high to avoid derecruitment/recruitment

lung injury.

However, high-frequency ventilation (HFV) is not new.

The first patent for a high-frequency ventilator was issued

to Jack Emerson in 1959. The concept of using HFV in

adults during critical illness has gained and lost favor mul-

tiple times over the last 40 years. Even in neonates, in

whom HFO is generally considered the standard of care,

the data on its benefits are controversial. Nine randomized

controlled trials have been published.-" -** Of these. 3 show

benefit from HFO compared to conventional ventila-

tion.-"-- 3 show benefit from conventional ventilation

compared to HFO,-''--'^ and in 3 both HFO and conven-

tional ventilation were beneficial.-" -^ In fact, a meta-anal-

ysis by Thome and Carlo of the neonatal high-frequency

data-"' concludes that routine use of HFV in neonates can-

not be recommended at this time and that limited data on

rescue use of HFV suggest some benefit over consentional

ventilation. These conclusions were based on the fact that

there is no difference in mortality between the use of HFV
and conventional ventilation in neonates, and that chronic

lung disease (need for oxygen at 30 d after delivery) was

less with HFV. thouL'h that findiim was confounded be-
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No TGI TGI

End-Expiration —-~—

End-lnsplratlon

Fig. 9. Primary mechanism of action of tracheal gas Insufflation

(TGI). At end-expiration, in the absence of TGI (upper left), central

airways are laden with carbon dioxide (CO,) (represented by dots).

This exhaled COj is then recycled baci< into the alveoli during the

next inspiration (lower left), thus limiting CO, elimination. With TGI,

CO2 is flushed out of the central airways duhng expiration, so less

is recycled back to the alveoli, effectively decreasing anatomic

dead space and increasing CO2 elimination. (From Reference 32,

with permission.)

is superior to conventional ventilation in the management

of ARDS.

Tracheal Gas Insufflation

This adjunct to ventilation is the injection of a low-to-

moderate, continuous or expiratory-only flow of gas near

the carina to remove carbon dioxide (CO^) from mechan-

ical and anatomic dead-space.^- As a result. P(~o, is de-

creased (Fig. 9). TGI can be performed using a number of

different approaches. The TGI catheter can direct gas ei-

ther toward the carina (direct TGI) or toward the ventilator

or mouth (reverse TGI).'"* In addition, delivery of TGI
flow can be continuous throughout inspiration and expi-

ration or only maintained during the expiratory phase. '^

The optimal direction of T(jI flow is still controversial.

Direct TGI can be accomplished by placing a small cath-

eter (1.0 mm internal diameter) through the ETT to a level

proximal to the carina. However, direct TGI can result in

increased total PEEP by establishing a threshold load at

end expiration.''^ whereas indirect TGI requires placement

of a specially-designed double lumen El T However, pre-

liminary data indicate that indirect TGI only ininiinallv

decreases total PEEP "'

Ideally. TGI should be provided only during the termi-

nal part of the expiratory phase.'-' If TGI is provided on a

continuous basis, the TGI flow has the potential of increas-

ing V^ and end inspiratory plateau pressure, thus negating

the beneficial effect of TGI on lung protection.'* With

volume ventilation, continuous TGI is simply additive to

the delivered Vj. Its effects can be modified by decreasing

the delivered V, by an amount equal to the TGI How.

However, that correction is liniiicd by the actual V'-, and

TGI How. With pressure ventilation, continuous 1G1 re-

duces ventilator flows more rapidly than normal, an : when
the How from the ventilator decreases to zero, 1 Gl in-

creases the applied pressure and the V, unless the venti-

lator is equipped with an exhalation valve that is active

duiing inspiration or a secondary flow relief valve is placed

into the circuit."''*

A major problem preventing widespread use of "home-

made" TGI systems is safety. When a secondary gas is

injected at the carina, the ventilator's ability to monitor

volumes and pressures is markedly compromised."''' It is

essentially impossible to measure total PEEP or end-in-

spiratory plateau pressure without having the TGI system

electronically interfaced with the ventilator or being an

integral part of the ventilator.

An obstruction in the ETT proximal to the tip of the TGI
catheter can be catastrophic." This situation is rapidly

identified by the ventilator sounding either the high-pres-

sure or low-Vy alarm. However, if the TGI system is not

integrated into the ventilator, it would continue to deliver

flow. Obviously, a mechanism to avoid the adverse effects

of that scenario must be included into any TGI system.

As discussed at the beginning of this section. TGI should

decrease CO, without increasing V , or plateau pressure,-"'

but in order to do so it must be integrated into the me-

chanical ventilator system. However, no commercially

a\ailable TGI systems exist in the United States. Because

of that, no outcome data related to the use of TGI are

available. All of the clinical information available legard-

ing TGI has been obtained during short physiologic stud-

ies. TGI appears to be a very useful clinical adjunct to

ventilation but awaits the introduction of properly designed

commercial systems before it can be recommended out-

side clinical trials.

Partial Liquid Ventilation

Fuhrman et aH' first described PLV in 1991. They dem-

onstrated in 3.0 kg piglets that cardiopulmonary function

could be maintained by filling the animals' lungs with 30

mL/kg of perfluorocarbon (Perllubron. Alliance Pharma-

ceuticals, San Diego. California), then providing conven-

tional mechanical ventilation to the fluid-filled lungs. An-

imals were healthy prior to the initiation of PLV, and, as

a result, even with an F,q^ of 1 .0. oxygenation decreased

during PLV (503 ± 64 mm Hg to 394 ± 62 mm Hg after

60 min). This decrease in P^q, ^^ ^ result of the limited

oxygen carrying capacity of Perflubron, as compared to

\Q()'7r gaseous oxygen (Table 1). However, shortly after

Fuhrman's first description,-*' Tiituncii et al"- described

the effect of PLV in lune-iniured animals.
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Table I. Physical Properties of Perllubron

Colorless

Odorless

Insoluble in water

Biologically inert

Chemically stable

Oxygen solubilily: fi3 iiL/IOO m
Carbon Jioxiile siilubilit : 210 ml JO niL

Surface tension: IS dyii/cm

Density: 1.92 g/niL

Spreading coefficient: F2.7 dyn/cni

Vapor pressure: II mp' Hg

Figufe 10 shows the effects of PLV on P_,o, in king-

injured animals.-'- Thiee groups of rabbits were studied. In

group 1, conventional ventilation was provided. In group

2, 18 niL/kg of Peiflubron was instilled and PLV pro-

vided. In group 3. 18 niL/kg of saline was instilled and

PLV provid' d. All groups were ventilated in the same

manner. The P,,o, in the Peiflubron PL' ' group returned to

the pre-injui ' levels, whereas in the ct iventional ventila-

tion and saline PLV groups, P^^^ did not change. Venti-

lation and compliance were also improved in the PLV

group. The beneficial effect of PLV following lung injtiry

in animals has subsequently been demonstrated by many

groups.''-''^-''''

PLV has also been shown to enhance lung mechanics as

well as surfactant function in models of ARDS^' "^^ and to

reduce pulmonary vascular permeability and edema for-

mation. '^^-^'^ Perflubron has been show i in animal models

to have anti-inflammatory properties both in vitro and in

600 r I

—

Fig. 10. P30, in the treatment groups before lung lavage (BL), after

lavage (0 point), and dunng the 3 hour study period. The clear

vertical bar represents the lavage procedure (L). The mean values

for P30, are significantly different (* = p < 0.005) between the

perfluorocarbon group (P), the continuous ositive-pressure ven-

tilation group (C), and the saline group (S) lunng the 3 hour ob-

servation period. (From Reference 42, with aermission.)

vivo.*^''
'^'' Improvement in canine iimg function following

transplantation"' ; nd smoke inhalation''' has also been dem-

onstrated with PLV.

Despite those and numerous other animal studies indi-

cating benefit from PLV, few human data are available.''-"^'

All of the data publishe' to date are in the form of case

series; no randomized i ontrolled trials have been pub-

lished, except as abstracts. Most of the early data are from

neonates who were also receiving extracorporeal mem-

brane oxygenation.''-"''-^*'"'"^' Those early studies essentially

established the feasibility of performing PLV but. of course.

ct)uld not establish that PLV would be successful without

extracoiporeal membrane oxygenation. Two case series of

adults who participated in a mid-1990s randomized, pro-

spective trial of PLV for adult ARDS have also been pub-

lished."'"' The ability of PLV to sustain adults with ARDS
was clearly shown, but these case series focused on the

ability of PLV to diminish the inflammatory response in

tra 'ma patients,"' and evaluated the pulmonary and sys-

ter lie distribution, and elimination of Peiflubron."'

Leach et al"-* presented the most detailed patient data, on

13 premature infants who received PLV after failing con-

ventional mechanical ventilation. Within 1 h, PLV in-

creased P,,o , decreased Pgco,' ^"^ improved lung compli-

ance. Eight of the 13 babies survived to a corrected

gestational age of 36 weeks. Composite data from an early

1990s Phase II adult ARDS trial have been presented only

in abstract form." No differences in mortality or ventila-

tor-free days were observed between groups. However,

there was a trend toward higher levels of adverse events

(hypoxemia and hemodynamic events) during filling with

Perflubron." Post hoc analysis showed that in patients

£ 55 years of age, PLV showed a trend toward lower

mortality and more ventilator-free days. An additional adult

ARDS PLV Phase II/III trial was conducted between De-

cember 1998 and January 2001. That trial was designed to

evaluate safety, dose, and efficacy of PLV. Two doses of

Perflubron were evaluated, 10 mL/kg and 20 mL/kg, and

the reuilts 'Vom those 2 groups were compared to those of

a control ; oup. Patients qualifying for entry had P„o,/F,o,

ratio < 31 I on > 13 cm H^O PEEP. All aspects of me-

chanical V itilation and weaning in that study were care-

fully •)rotc olized: PEEP > 13 cm H^O. inspiration-expi-

ration ratic < 1:1, rate set to avoid intrinsic PEEP, Vj :£

10 mL/kg, and volume ventilation for all 3 groups. Results

of the stuuy have not been published in any form, but

Herbert W edemann (The Cle\eland Clinic Foundation.

Cleveland. Ohio) presented the outcome data at the 2001

American Thoracic Society meeting. No difference in mor-

tality was observed among the 3 groups.

Based on the lack of success of those unpublished clin-

ical trials, and their high cost, it is difficult to imagine that

similar trials will be conducted in the future on adults.

326 Respiratory Care • March 2002 Vol 47 No 3



Vi;ntii.at()ry Adjuncts

450 -\

400

350

300

250

200

40 -

20 -

-•

11:00 11:30
SUPINE

I

12:00
PRONE

1

12:30 1 3:00 time

SUPINE

-•

Fig. 1 1
.
Continuous P^o, and Paco, values during supine and prone

positioning (while on fraction of inspired oxygen [F|o,,] = 1.0) in a

patient with acute respiratory distress syndrome. (From Reference

72, with permission.)

PLV with conventional mechanical ventilation to manage

adult ARDS will not become a clinical reality.

Prone Positioning

A large number of case series have demonstrated the

beneficial effects of placing ARDS patients in the prone

position on oxygenation.^--^** Figure 11, from Pappert et

al.''- depicts the anticipated response to prone positioning.

and indeed about 70% of the patients studied in those

clinical case series showed a a 209^ improvement in P^,o,

when placed in the prone position. ^--^*'

A number of reasons have been proposed why prone

positioning improves oxygenation. In the supine position

the heart, great vessels, and a large portion of the abdom-

inal contents reside on top of the lungs.^'^ That and the fact

that about 60% of the lung is dependent in the supine

position establishes a large pleural pressure gradient be-

tween dependent and nondependent lung.*" Turning pa-

tients prone greatly reduces the size of the pleural pressure

gradient, ensuring more uniform distribution of V,.'*' In

the prone position only about 40% of the lung is dependent

and the heart and abdominal contents are now also depen-

dent. '*"'*- In addition, the chest wall compliance is lower in

the prone than in the supine position, again improving the

uniformity of Vj distribution.^' All of those changes im-

prove ventilation-perfusion matching.**^ '^'^ In addition, in

some patients large volumes of secretions are mobilized

by prone positioning. The prone position angles the tra-

cheobronchial tree Ko allow drainage of secretions.

Despite the benefits of prone positioning, there are sub-

stantial complications and risks that must be considered

when positioning a patient. Spinal cord instability is the

major absolute contraindication to prone positioning. He-

modynamic and cardiac rhythm disturbances are strong

relative conlraintlications. since immediate access for car-

diopulmonary resuscitation is limited by prone position-

ing. Thoracic and abdominal surgeries are relative contrain-

ilicalions. but prone positioning usually can be accomplished

safely in those patients early in the postoperative period.

Repetitively positioning palients supine to prone and

back is not completely without risk, but one large review

reported a very low incidence of critical adverse events in

240 patients over 746 prone cycles.^' Repositioning and

soft padding minimizes dependent facial edema and skin

breakdown over pressure points. Special attention needs to

be paid to skin areas in contact with all tubes and Foley

and intravascular catheters. With some patients transient

hemodynamic instability and oxygen desaturation can oc-

cur on turning to the prone position but can be minimized

with adequate sedation and brief pre-oxygenation with an

Fio, of 1.0. Of major concern is inadvertent extubation

with turning. Prior to turning any patient prone, the staff

must assure proper placement and fixation of the ETT.

Vascular lines must also be monitored during turning, to

avoid displacement. Following repositioning, the endotra-

cheal tube and all catheters should be surveyed to assure

that no displacement has occurred.

There are a number of ongoing randomized controlled

clinical trials evaluating the effect of prone positioning.

However, only one has been published to date. In that

study. Gattinoni et al**^ randomized about 150 ARDS pa-

tients to prone positioning and another 150 to conventional

management without prone positioning. The patients were

about 60 years of age and had about 1 .4 additional organ

system failures. Almost 50% had pneumonia as the under-

lying cause of ARDS. A large increase in P^q^ was ob-

served during the first 10 days of the study, as patients

were turned to the prone position. However, in spite of this

improvement in oxygenation, there were no differences in

mortality between the 2 groups: 21.1% of patients in the

prone group and 25.0% in the control group died. Before

abandoning prone positioning based on that one random-

ized controlled trial, a number of factors must be consid-

ered. First, patients were maintained prone only for 7 ± 4

h/d. It seems unreasonable to expect that the benefits of

prone positioning would be observed if patients were main-

tained prone only one third of the time. The exact amount

of time per day that patients should be maintained prone,

however, has not been determined. It would appear that if

prone positioning is to be beneficial, patients should be

maintained in the prone position at least 20 h/d, and only

returned supine for daily nursing care. Second, one must

question the ventilatory strategy used. No protocol defined

mechanical ventilation: V, was 10.3 ± 2.8 mL/kg and

PEEP was 9.6 ± .10 cm H,0. So. based on the ARDS
Network^** data, one must question if ventilation was lung-
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protective or if the equivocal restilts were a result of gen-

eralized lung injury induced in both groups.

I would not abandon prone positioning based on that

single randomized control trial. 1 await future trials to

better define the ciisl/benefit ratio of prone positioning. As

a result, I still recommend prone positioning as an effec-

tive aspect of a lung-protecti\e ventilatory strategy. Pa-

tients failing to respond to lung recruitment maneuvers

and requiring PEEP levels > 12 cm H^O and F|o, ^ 0.60

are candidates for prone positioning.**''

Summary

A number of adjuncts to mechanical ventilation have

been the focus of recent research. Automatic tube com-

pensation (the regulation of airway pressure by estimation

of tracheal pressure) appears to be an ideal approach to

unloading the resistive effort imposed by the endotracheal

tube. Randomized controlled trials have recently been per-

formed with high frequency oscillation (HFO), partial liq-

uid ventilation (PLV). and prone positioning. Unfortu-

nately, all of those trials were negative; however, it appears

the only technique that will be abandoned for the near

future is PLV. The HFO trial trended toward benefit with

HFO. and one must question the protocol used in the prone

positioning trial. With both HFO and prone positioning we

will have to wait for additional randomized clinical trials

before the status of those techniques can be determined.

No randomized trials of tracheal gas insufflation have been

performed. Of major concern with tracheal gas insufflation

is the lack of a commercial product.
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Discussion

Epstein: Now that we have the

ARDS Network trials showing such a

low mortality, the bar has been set at

a level at which it will be very haid

for other adjuncts to show improve-

ment beyond that very low mortality.

I wonder what you think about that.

Kacmarek: You may not be able to

show a dramatic improvement in mor-

tality, but there may be an improve-

ment in ventilator days. We may be

able to wean patients quicker and to

reverse ARDS quicker. Although a

31% mortality was reported by the

ARDS Network.' this group was a se-

lect group of patients. It's impossible

to know whether a high-PEEP trial

will result in a further 10% decrease

in mortality. However, based on the

data that I just showed you. although

from a more narrow group of patients,

I would expect that the higher PEEP
level protocol will further improve

mortality. We'll just have to wait and

see. As you know, the ARDS Net-

work is doing such a trial, and Tom
Stewart and the Canadians are also

doing a very similar trial. The biggest

difference between the 2 is the use of

recruitment maneuxers. The Canadi-

ans ha\e included recruitment maneu-

vers as part of their basic protocol; the

ARDS Network has not.
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Epstein: The second question per-

tains to HFO. While we're waiting for

the rancloini/ed trials to be cotupleted.

yon said that at best HFO is no worse

than our usual mode of mechanical

ventilation for these patients. But one

issue is that most clinicians are much

more familiar with a standard ventila-

tor. Although among the experts the

outcomes might be equiv alent at v\ orst,

I'm a little concerned (especially in

the adtdt population) about having

adult critical care physicians using

high frequency oscillation when they

don't really understand the concept or

the machine.

Kacmarek: There's no question that

there is a substantial learning curve

with HFO. I think all the centers that

have been involved in these trials have

seen similar problems with education

and have identified a very narrow

group of indi\iduals responsible for

managing these patients. But, that said,

it's clearly something that can be done.

If HFO does show benefit—alth( ugh

right now I am not convinced that it

will—we will all have to learn about

HFO. My opinion is that the HFO is

as good as but not better than conven-

tional \entilation.

Maclntyre: Your point about pa-

tient population and clinical trial . is

an important one. If we start testing

these things on patients who have very,

very low mortality rates, it's going to

be a devil of a time trying to figure

out if it really works. I think we have

to be very careful in designing these

trials to use the device in a population

in which we think it might have some

benefit. And if you believe HFO is a

lung-protective strategy, then it ought

to be reserved for patients in whom
lung protection is a real issue. Ifyou' ve

got plateau pressures in the range of

20 to 30 cm H ,0 and good blood gases,

then that may not be the type of pa-

tient you want to study for an out-

come benefit. Another subject I'd like

to comment on is the TOOLS [Treat-

ment with Osc nation and an Open

Lung .Strategy] trial, which is not a

randomized controlled trial (but rather

an ongoing, pilot, multicenter tiial

looking at the salely. feasibility, and

efficacy of providing HFO ventilation

with a more aggressive open lung ap-

proach; principal investigator. Thomas

S'cwart MD. Toronto, Ontario. Cana-

d. ]. It is a trial to evaluate the use f

various management strategies in ? -

ticipation of a head-to-head trial it

some point. So the result of the TOOLS
trial is really going to be more of a

protocol as to how to use HFO. as

opposed to a trial to determine its

safety and its efficacy in a head-to-

head competition with more estab-

lished strategies, such as the ARDS
Network protocol.

Kacmarek: The hope is that next

year at this time we'll be involved in

a randomized trial.

Weiler:* Another comment to your

presentation on the high frequency os-

cillation trials in children: We should

not confound 2 different techniques.

In the studies you have referred to

some groups have used high frequency

jet ventilation; others ha\e applied

high frequency oscillation. These are

2 completely different techniques that

should not be regarded as equivalent.

Another comment is that, at least in

Europe, with the introduction of the

high frequency oscillation—as far as I

know—the need for ECMO in neona-

tals and children has been educed by

about 80%. at least in the I ig centers.

Kacmarek: Sure. I guess the criti-

cism 1 have of the trials relates to the

conventional ventilation arms. You
find it unusual for PEEP levels to be

greater than 5 or (i cm H^O. I know in

our own unit the neonatologists are

afraid to go above 6 cm H^O PEEP,

but they'll go on to the oscillator and

* Norbert Weiler MD. Departmenl of Anesthe-

siology. Johannes Gutenberg University Hospi-

tal. Mainz, Gerniany.

jnit the mean airway pressure at 15 cm
1 IjO. So it is very difficult to compare

the outcomes of t lose studies, even

though the outcomjs are not very dif-

ferent. If you lool at the 9 neonatal

HFO trials, it is \ ;ry difficult to de-

termine where is t le big dirference in

overall outcome.' '^
I said none show

a mortality difference. In some stuil-

ies the number of patients requiring

oxygen at 30 days is higher with con-

ventional ventilation. What I would

like to see is a neonatal trial that has a

similar conceptual approach to me-

chanical ventilation for both HFO and

conventional ventilation. I don't see it

in our unit, and I probably will not see

that type of trial. The use of low PEEP
during conventional ventilation is so

ingrained as part of the practice, I don't

think we'll see a fair comparison be-

tween high frequency oscillation and

conventional ventilation.
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Weiler: My impression is that in

the ICUs I know people have learned

a lot about conventional ventilation by

using high frequency oscillation.

Kacniarek: Fair enough.

Branson: I kind of disagree with

your comments on automatic tube

compensation [ATC] because the ex-

piratory part of ATC can actually be

very important in preventing air trap-

ping. You have to remember this is

not the same as negative end-expira-

tory pressure, like we used to do with

the PR2 or Mark 8 ventilators, because

it's not an active withdrawal, although

the original technique by Giittman ac-

tually did go below zero. It's just the

ability to drop if you have the PEEP
set at 1 cm H^O, at least on the Driiger.

it will drop to zero, to baseline. So

there's no negative pressure. You've

got to remember, you're still control-

ling the tracheal pressure. So I actu-

ally think that pait of it helps with

some of this neuromechanical dyssyn-

chrony that we see with other kinds of

inodes of ventilation.

Kacniarek: My only comment
would be that there are few data to

know whether you or 1 am correct.

But if the patient with chronic obstruc

live lung disease requires U) cm HoO
PEEP because of intrinsic PEEP, to

trigger the ventilator, and I drop that

down to zero during the expiratory

phase of ATC. I have to assume that

there may be enhanced airway clo-

sure, and the potential for increased

air trapping. When you extubate those

patients who require that much PEEP,

they purse-lip breathe. They need the

added expiratory resistance to exhale.

So if we take that away while they're

mechanically ventilated. I have to as-

sume that they would have some dif-

ficulty with air trapping, greater than

exists without ATC during the expi

ratory phase.

Branson: I think there are 2 phases

to that air trapping. One is the air trap-

ping due to the volume that was de

livered and the time available for ex

piratory flow; the other is terminal

ail-way collapse. And. again, with ATC.

since you're calculating the tracheal

pressure, you really shouldn't actually

be stimulating airway collapse. You

should just be facilitating expiratory

flow from that point to ambient.

Kacniarek: I guess I just don't

know: my assumption is that those pa-

tients with substantial air trapping,

when they breathe spontaneously with

out an artificial airway, create a phe-

nomenon that's very similar to what

we see during standard exhalation on

a mechanical ventilator—that there is

a high level of resistance that they cre-

ate to oppose exhalation. The problem

is that there are no data, at least none

that I'm aware of. that have carefully

assessed this and looked at a series of

chronic obstructive pulmonary disease

patients with and v\ithout ATC. fo-

cusing on the amount of air trapping.

No one has looked at the potential ben

efit versus the cost of expiratory ATC.

Branson: I think the one slide you

showed from Fabry [Fig. 6] actually

shows a patient with chronic obstruc-

tive pulmonary disease, and when on

ATC the patient had significantly less

air trapping than on pressure support.

Kacmarek: Exactly. In that one

slide it would appear you are correct.

But they don't go into detail. No com-

paiison is made ot intrinsic PEEP lev-

els, air trapping, or functional residual

capacity with and without ATC.

Epstein: Are there any data on how

well ATC performs when the endo-

tracheal tube has been in place for 7-14

days and it's characteristics probably

start to veer a k)t from the in vitro

situation in which the calculations

originally were made?

Kacmarek: As far as I know, there

are no data looking at that, but my
expectation would be that the longer

the endotracheal tube is in, and the

greater the amount of secretions ad-

hering to the interior wall of the tube,

the less efficient is ATC. On the other

hand, the less efficient would be any

level of pressure support. So although

it may work less well than on day 1 . I

have to believe it will still be better

than our conventional approaches to

setting pressure support in these pa-

tients.

Hess: From a practical standpoint,

you set the size of the endotracheal

tube on the ventilator. If you believe

that over time the Number 8 tube be-

comes like a Number 7 tube, you just

change the setting to a Number 7.

Durbin: I'm going to talk about tube

resistance tomorrow, and it's not quite

that simple.

Blanch: .lust one ciimment. After

looking at these data of the PLV trial,

and the data of Gattinoni. I think we

are talking about different patients. In

Gattinoni's study, mortality was 507c

and in the PLV study it was 15%. In

your opinion, what is different between

those 2 outcomes?
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Kacmarek: Regarding the [as yet

unpublished data from the| PLV trial,

the biggest thing that separates it from

Gattinoni's data is the type of patients

enrolled—the list of exclusions is ex-

tremely lengthy. They essentially

ended up enrolling patients v\ith sin-

gle organ failure, because any other

organ system failure that was associ-

ated with lung failure was an exclu-

sion. I haven't seen the data on how

many organ system failures, but I have

to believe that it was not much more

than one.

In Gattinoni's study.' how many or-

gan system failures did he list? I would

assume that if it was all comers, then

it was pretty high. The other thing with

the PLV trial is that the severity of

lung injury was high. Remember, in

order to be enrolled, the patient's P,,o,/

F|Q ratio had to be less than 300 on a

PEEP of 13 cm H2O or greater. So

from a lung injury perspective, they

were severely injured, but from a

multi-organ system failure perspec-

tive. I think they were very different,

and probably different from the ARD.S

Network patients.
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kuhlen: The hypothesis of those in-

vestigations was different, because in

Gattinoni's trial it was the implemen-

tation of prone positioning patients in

each and every intensive care unit. Ac-

tually, if you talk to the people who
have been analyzing data in the cen-

ters that have used prone position be-

fore, even in the most severe patients

they actually do find a benefit— even

a benefit in mortality rates, which

clearly has the problem of any post

hoc analysis— but it gives us at least a

hint that in those circumstances prone

position might be effective.

The other poini is lh;il ihc PLV trial,

at least as far as 1 know, was not done

with the same hypothesis, because

most of the participaiing centers were

kind of expert centers. And I think

this is really something that is clearly

coming up: that if you do large-scale

clinical implementation trials, mortal-

ity seems to be different from trials

done in a circle of expeils, even with

multicenter approaches.

Kacmarek: With the PLV trial there

were 50 centers that enrolled patients.

A few clearly had a lot of experience

with liquid ventilation, and thus had

less problems, but most had little ex-

perience. Liquid ventilation does re-

quire a substantial amount of experi-

ence to do weH. Again, most centers

had little experience.
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Conclusions

Treatment of anxiety and delirium, provision of adequate analgesia, and, when necessary, amnesia

in critically ill patients is humane and may reduce the incidence of post-traumatic stress disorders.

Injudicious use of sedatives and paralytics to produce a passive and motionless patient, however,

may prolong weaning and length of stay in the intensive care unit. This report reviews indications

and choices for pharmacologic treatment of anxiety, delirium, agitation, and provision of anesthesia

in critically ill patients. The choice of pharmacologic agents is made difficult by complex or poorly

understood pharmacokinetics, drug actions, and adverse effects in critically ill patients. Advan-

tages, adverse effects, and limitations of drug treatment, including use of neuromuscular blocking

drugs and use of sedatives and analgesia during the withdrawal of life-sustaining measures are

reviewed. Kcx wonis: mechanical ventilation, analfiesic. opioid, anesthetic, delirium, hypnotic, sedative,

neiiioiiiiisciilar blockade. [Respir Care 2002;47(3):334-346J

Introduction

Post-traumatic stress disoidcr is common in survivors of

critical illness. Among acute respiratory distress syndrome

William E Hurford MD is aHiliatcil with the Dcparlment (if Anesthesia

and Critical Care. Ma.ssachusctts General Huspital. Harvard Medical
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the Respiratory Care Journal Conference, "Invasive Mechanical Ven-
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patients, those recalling multiple distressing experiences

during their intensive care unit (ICU) stay had the highest

degree of impairment after recovery from acute illness.'

Treatment of anxiety and delirium, provision of adequate

analgesia and. when necessary, amnesia is not only hu-

mane, but may reduce the incidence of post-traumatic stress

disorders in survivors.--' Excessive use of sedatives and
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neuromuscular blocking drugs (NMBDs), however, may
prolong the duration of mechanical \entilation and ICU

stay.-"-^ Finding an appropriate balance between relief of

pain, anxiety, and discoordination during mechanical ven-

tilation, and wakefulness and the ability to breathe spon-

taneously is a challenge for those caring for critically ill

patients.

Terms and Definitions

There are 4 common indications for the use of sedative

drugs in critically ill patients.

Anxiety is an unpleasant alteration of mood and emo-

tions that is not accompanied by cognitive dysfunction.

The patient continues to think and comprehend normally.

Delirium, a distinct second common indication for se-

dation, is also characterized by an unpleasant alteration of

mood. Unlike an.xiety. however, an acute confusional state

with cognitive impairment accompanies delirium. The dis-

tinction of cognitive impairment is important in making

the proper diagnosis and prescribing appropriate therapy.

Both anxiety and delirium are often, but not necessarily,

accompanied by agitation, which is simply excessive mo-

tor acti\ ity resulting from an} type of internal discomfort.

Agitation may accompany delirium, pain, mechanical ven-

tilation, fear of death, and so forth. It is a nonspecific

symptom in the critically ill patient, but one that attracts

much attention.''

Sedation is the induction of a relaxed, calm state that is

free from anxiety. It is a vague term that covers a variety

of states of consciousness and responsiveness. Light seda-

tion or conscious sedation denotes that the sedated patient

remains able to respond to \crbal stimuli and follow com-

mands appropriately. Deep sedation implies unresponsive-

ness to verbal stimuli, but responsiveness to touch, pain, or

other noxious stimuli. Patients sedated to the point of un-

responsiveness to noxious stimuli are said to enter a state

of anestliesia. An anesthetic state renders the patient un-

conscious, relieves pain, provides muscle relaxation, and

blunts undesirable reflexes such as tachycardia and hyper-

tension.

Several rating scales have been developed to assess and

communicate a patient's level of sedation. One of the most

common scales, the Ramsay scale. (Table 1 ) simply rates

the patient's level of arousal from anxious or agitation

(Level 1 ) to deep sedation (Levels 4 and 5), to anesthetized

(Level 6).^ Several others scales have been recently pro-

posed and validated, including the Motor Activity Assess-

ment Scale.** the Brussels sedation scale,'' and the Seda-

tion-Agitation Scale.'"" All these scales are based on

assigning a discrete numerical value to observed patient

behavior. They aid in communication among care provid-

ers concerning both the intended and achieved level of

sedation.

Tabic 1.
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1

.

Benz.odiazepines (eg, diazepam, midazolam, or loraz-

epam) are indicated to treat anxiety.

2. Haloperidol, a butyrophenone, is commonly used to

treat delirium.

3. Deep sedation and anesthesia can be provided by a

combination of a hypnotic (eg, thiopental, propofol. or

ketamine). a benzodiazepine, and an opioid (eg, morphine

or fentanylj.

Anxiety

Benzodiazepines are the drugs of choice. They can be

divided into short-acting and long-acting groups, based on

pharmacokinetic values of normal individuals (see Table

2).-' Their duration of action in critically ill patients is

unpredictable. Certain side effects of benzodiazepine ad-

ministration, such as amnesia and respiratory depression,

can be desirable.-- Some patients, however, especially those

with delirium, may become disinhibited with the admin-

istration of benzodiazepines.

Dissipation of the effects of benzodiazepines occurs

mostly through redistribution from plasma to tissues. With

repetitive dosing, organ elimination becomes more impor-

tant. Benzodiazepines are conjugated in the liver to glu-

curonides and eliminated by the kidney. Organ elimination

is slowed in the elderly and critically ill patients (especially

those with sepsis). Pharmacogenetic abnormalities, which

account for slowed metabolism of midazolam, occur in

about 6% of patients.-'

Few studies have rigorously examined whether a par-

ticular benzodiazepine is superior in critically ill patients.

Swart et al performed a blinded randomized study of con-

tinuous infusions of lorazepam and midazolam in critically

ill patients. They reported that it was easier to reach and

maintain the desired sedation level with lorazepam. which

was also less expensive to use than midazolam.--'

Delirium

Doliriiun is an acute confusional state that occurs in

approximately 10-15% of acute medical and surgical pa-

tients." Its incidence is increased in the elderly and the

critically ill. Clinical features of delirium include disori-

entation, altered perceptions, arousal and psychomotor ab-

normalities, decreased attention, impaired memoiy. disor-

ganized thinking and speech, dysgraphia. and a disturbed

sleep-wake cycle. The course is fluctuating and character-

ized by lucid intervals. Though the precise etiology is

iMiclcar. delirium is thought to result from vulnerability on

the part of the patient (eg. cognitive impairment, severe

illness, visual impairment) and occurrence of hospital-re-

lated insults (eg. medications and procedures).-^ Inouye

and Charpentier developed a predictive model for the oc-

currence of delirium in hospitalized general medical pa-

tients greater than 70 years of age.-'' Risk factors included

the use of physical restraints, the presence of malnutrition,

the addition of more than 3 medications over the last 24

hours, the use of a bladder catheter, and the occurrence of

any iatrogenic event. A greater number of factors was

associated with an increased incidence of new-onset de-

lirium (0 factors 4'7f ; 1-2 factors 20%; > 3 factors 35%
incidence). Organic causes of delirium must always be

considered: they include drug withdrawal. Wernicke's en-

cephalopathy, hypertensive encephalopathy, hypoglyce-

mia, hypoperfusion, hypoxemia, intracranial bleed, men-

ingitis/encephalitis, and the adverse effects of medications.

Haloperidol currently is the drug of choice for the acute

treatment of critically ill patients with delirium. Haloper-

idol is a butyrophenone with potent antipsychotic proper-

ties. Although it is an a, -adrenergic antagonist, it has few

hypotensive side effects. It has little apparent effect on

ventilation. Extrapyramidal side effects occasionally can

be troublesome but are relatively rare in critically ill pa-

tients, perhaps because of concurrent use of benzodiaz-

Table 2. Common Benzodiazepines Used in the Intensive Care Unit

Drug Adult Dose Range Half-Life (h) Active Metabolites

Long-Acting

Chlordiazepoxide (Librium)

Diazepam (Valium)

Flurazepam (Dalmane)

Alprazolam (Xanax)

Short-Acting

Lorazepam (Ativan)

Midazolam (Versed)

Oxazepam (Serax)

15-1()U mg/d

5—10 ma/d

15-60 mg/d

Q.5-i mg/d

2-6 mg/d

2.5-30 mg/d

30-120 ma/d

5-25

20-50

40-114

12-1^

10-20

1-4

3-6

Desmethylchlordiazepoxide

Demoxepam

N-desmethyldiazepam

N-desmethyldiazepam

N-methyloxazepam ( teinazepam

)

Oxazepam

N-desalkylHurazepam

None

None

Alpha-h_\ droxymida/olam

None
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epines or j3 adrenergic blockers.-^ Prolongation of the QT
interval, and serious ventricular arrhythmias, notably tor-

sade de poinles. following haloperidol administration have

been described.-** Monitoring the QT interval of the elec-

trocardiogram is advisable when high doses of haloperidol

are used. Haloperidol has been associated with neuroleptic

malignant syndrome. It also decreases the threshold for

seizures and should be used cautiously in patients with

delirium tremens.

The starting dose for haloperidol is 0.5-1.0 mg, depend-

ing on level of agitation, age, and degree of illness. Al-

though not approved by the Food and Drug Administra-

tion, the intravenous route appears preferable in the

critically ill patient, since absorption is assured. Adver.se

effects may be reduced with intravenous administration.-''

Because the onset of action is about 1 1 min, allow 20 min

between doses. ^" For continued agitation, twice the previ-

ous dose can be administered. There is no specific upper

limit: over 100 mg/d of intravenous haloperiodol has been

administered safely." Continuous intravenous administra-

tion (3-25 mg/h) has also been described.'- Supplemental

anxiolytics and/or analgesics maybe necessary; small doses

of lorazepam may be useful in controlling symptoms of

agitation as haloperiodol is titrated.-^-'' After the patient is

calm for 24 h. subsequent doses can be reduced by 50%
every 24 h, and tapered over 3-5 days. Usually only 2-3

doses per day are necessary, since the serum half-life of

haloperidol is approximately 14 h.-"*-*

Anesthesia and Deep Sedation

Components of anesthesia include unconsciousness, am-

nesia, analgesia, and the avoidance of unwanted reflexes.

Sedatives and hypnotics are used to induce amnesia, sleep,

and unconsciousness. 's Barbiturates were classically used

for this purpose, but they are respiratory and cardiovascu-

lar depressants, and their usefulness is limited by the rapid

development of tolerance. Sodium thiopental is the most

commonly used intravenous barbiturate and has a brief

duration of action (3-4 min) because of redistribution. The

dose for induction of anesthesia in healthy patients is 4

mg/kg intravenous. That dose must be decreased, depend-

ing on cardiovascular status.

Propofol ( 2,6-di-isopropylphenol) produces rapid induc-

tion and emergence, accumulates minimally, and has little

"hangover.""^-"* Propofol also reduces intracranial pres-

sure. For short-term (< 36 h) sedation in critically ill

patients, the use of propofol may result in a shorter dura-

tion of mechanical ventilation than midazolam. The use of

propofol has been reported to be more successful than

midazolam in achieving the target level of sedation'"'
"

and providing a more rapid awakening."-"- Compared with

the use of midazolam, the use of propofol is associated

with a greater risk of hypotension, hypertriglyceridemia.

and greater cost.'''-" Like sodium thiopental, it is not an

analgesic. It is important to understand that, because it is

dissolved in a soy bean emulsion, which supports bacterial

growth, contamination of propofol may occur if it is not

handled with strictly aseptic technique.-*' The dose for in-

duction of anesthesia is 2-2.5 mg/kg intravenously in

healthy patients. Infusions of 25-75 pLg/kg/min intrave-

nous can be used for continuous deep sedation. Pain at the

site of injection is a relatively common adverse effect and

can be reduced by administration into a large peripheral or

central vein. Several preparations of propofol are currently

available, which differ in the preservative used. One prep-

aration uses sodium metabisulfite; the other uses EDTA
(ethylenediaminetetraacetic acid). Though advantages and

concerns to both preservatives have been raised in some

studies.-'^-''' the 2 preparations appear equivalent in clinical

use.-**'""^

Ketamine (1-3 mg/kg intravenously or 5-8 mg/kg in-

tramuscularly) produces a dissociative state, rather than

anesthesia. Following ketamine administration, arousal

may be slow and hallucinations problematic. Because ket-

amine has sympathomimetic and vagolytic actions, its side

effects may be useful in situations in which increased heart

rate is desirable.-'''-^" Ketamine causes minimal respiratory

depression, making it occasionally useful for brief periods

of deep sedation in spontaneously breathing patients.

Etomidate is an imidazole hypnotic agent used for in-

duction of anesthesia (0.1-0.3 mg/kg intravenous). Eto-

midate has minimal cardiovascular depressant effects and

decreases cerebral blood flow and metabolism in a dose-

dependent manner. It is not an analgesic. Myoclonus, nau-

sea and vomiting, venous irritation, and adrenal suppres-

sion are important adverse effects and limit its use to

induction of anesthesia.

Dexmedetomidine is an a2"'''l''energic agonist that has

been recently approved for short-term (< 24 h) sedation of

mechanically ventilated ICU patients. It has sedative, an-

xiolytic, and analgesic effects.-"^ ''- Respiratory depression

is minimal at clinical doses. Dexmedetomidine can cause

hypotension and bradycardia, which may be severe, and

potentiates the effects of opioids and other sedatives. As

opposed to other sedative agents, the patient can be arous-

able and alert when stimulated. U.se of the drug is limited

by its adverse effects and high cost.

Opioids provide both analgesia and sedation but do not

provide reliable amnesia. Because they have potent anti-

tussive and respiratory depressant effects, opioids are of-

ten used to improve a patient's tolerance for mechanical

ventilation."*' These same sedative and respiratory depres-

sant effects, however, may intertere with weaning if not

carefully titrated. Chest wall rigidity may occur, especially

with high doses of fentanyl and other potent opioids. Gas-

trointestinal motility is decreased, which can produce con-

stipation, ileus, and intolerance to enteral feeding. Toler-
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ance may develop with prolonged administration. Table 3

lists common opioids.

Different opioids have different metabolic pathways,

which may dictate the choice of one drug over another.

Morphine is first conjugated in the liver and then excreted

unchanged in the urine. Elimination may be delayed in

renal failure, and the morphine-6-glucouronide metabolite

is biologically active.'^"'

Fentanyl has a relatively short duration of action after a

single dose because of high lipid solubility and redistribu-

tion into tissues. With repeated or continuous administra-

tion, however, hepatic metabolism becomes responsible

for the termination of drug effect. Under those conditions,

the elimination half-life of fentanyl is longer than that of

morphine (2-16 h vs 1.5-6 h).

Meperidine is also metabolized in the liver. The clear-

ance of an active metabolite, normeperidine, is dependent

on renal function. Normeperidine can accumulate with re-

petitive doses or in patients with decreased renal function.

Normeperidine is a central nervous system stimulant and

may precipitate twitching, tremor, or seizures. Monoamine

oxidase inhibitors, fluoxetine, and other serotonin uptake

inhibitors greatly potentiate the effects of meperidine. As

a result of those effects, merperidine should be used with

extreme caution (if at all) in critically ill patients.-'''

Protocol-Driven Sedation

Deeper levels of sedation, which provide anesthesia

rather than relief of pain and anxiety, may prolong the

duration of mechanical ventilation and ICU stay. Putensen

et al, for example, recently compared maintaining sponta-

neous breathing during mechanical ventilation with airway

pressure release ventilation and conscious sedation (Ram-

sey score 3) with pressure-controlled ventilation in the

setting of anesthesia and neuromuscular blockade.''*' Main-

tenance of spontaneous ventilation was associated with

improved respiratory system compliance, arterial oxygen

tension, cardiac index, oxygen delivery, and venous ad-

mixture. The spontaneous ventilation group also had a

shorter duration of mechanical ventilation and ICU length

of stay.

It would appear obvious that it is difficult to wean pa-

tients from mechanical ventilation when they remain un-

conscious. Just as we are accustomed to wean levels of

ventilatory support, clinicians need to continually reassess

and attempt to decrease the level of sedation and pharma-

cologic restraint. Often, however, without guidelines or

special training, clinicians allow patients to remain over-

sedated. Several centers have developed and tested proto-

cols to guide the use of sedatives and analgesics in the

ICU. In general, the protocols guide clinicians to less ex-

pensive drug choices, avoidance of neuromuscular block-

ade, frequent reassessment of both the desired and achieved

level of sedation, and adequate treatment of pain and dis-

comfort.

The use of intermittent dosing rather than continuous

intravenous infusions of sedatives (predominantly loraz-

epam and fentanyl) was critically examined in an obser-

vational study by Kollef et al.-* They reported that the

duration of mechanical ventilation, adjusting for confound-

ing variables, was longer for those patients receiving con-

tinuous sedative infusions than for those receiving inter-

mittent dosing or no sedation. Mascia et al compared costs

and outcomes of instituting formal guidelines for sedation,

analgesia, and neuromuscular blockade for mechanically

ventilated medical and surgical ICU patients. '^^ They re-

ported that the use of NMBDs decreased from 30% in the

historical baseline group to 5% in the guideline group.

Drug costs, time on the ventilator, and ICU length of stay

were also reduced.

A randomized trial examining routine daily interrup-

tions of continuous sedative infusions ( midazolam or propo-

fol) in 128 mechanically ventilated medical ICU patients

was performed by Kress et al.' In the experimental group

each day sedative infusions were discontinued until the

patients were awake. In the control group the infusions

were controlled at the discretion of the treating clinicians.

The median duration of mechanical ventilation and ICU
length of stay was less in the experimental group. It is

interesting that 219c of the control group, compared with

9% of the experimental group, underwent diagnostic test-

ing to assess changes in mental status. The rate of com-

plications attributed to level of sedation (such as inadver-

tent extubation) were not significantly different between

the experimental group (4%) and the control group (7%).

It is unclear whether techniques that avoid continuous

sedative infusions can or should be applied generally to

critically ill patients. Certainly such practices may be un-

wise in some patients (eg. a critically ill trauma patient

with an open abdomen). Nevertheless, the above studies

emphasize that inattentiveness to weaning of sedative med-

ications may delay ventilator weaning. A reasonable ther-

apeutic goal is to return the patient to a normal mental

status, free of chemical restraint, as soon as possible.

Summary Recommendations

Recommendations for sedation in critically ill patients

have been considered by a consensus conference of the

Society of Critical Care Medicine.-" The participants rec-

ommended midazolam or propofol for the short-term (less

than 24 h) treatment of anxiety. For prolonged treatment,

lorazepam was preferred. The conference considered hal-

operidol the preferted agent for the treatment of delirium

in the critically ill patient. Morphine was the preferred

analgesic agent, whereas fentanyl was more suitable for

patients with hemodynamic instability, for patients mani-

338 Respiratory Care • March 2002 Vol 47 No 3



Sedation and Paralysis During Mechanical Ventilation

E
o

3 K •S

a. -—

< Q -

E

5 ^

^ ^ T t

C3 —

e-
o
E

-2 "i: o a. O

?. i^

« R = -g

^ C ^ 4J

o ^ « c

,^ — D. D
I *

o —
C 3
:.• E

3 1-;=

•5 _= c y

S > 3 b

n .i

g E
E 5

«i -s

-3 *
E a

rt ^ =a E i!

o



Sedation and Paralysis During Mechanical Ventilation

testing symptoms of histamine release with morphine, or

morphine allergy. Hydromorphone was judged an accept-

able alternative to morphine.

Neuromuscular Blocking Drugs

Possible Indications for Pharmacological Paralysis

Neuromuscular blocking drugs have been used in crit-

ically ill patients for a variety of indications.^'*''' The most

obvious indication is their use to facilitate procedures (such

as endotracheal intubation or surgery) that may be other-

wise difficult or impossible to accomplish. Often, how-

ever, NMBDs are used to prevent patient movement. For

example, some patterns of mechanical ventilation, such as

the use of inverse inspiratory-e.xpiratory time ratio and

permissive hypercapnia, may be difficult for patients to

tolerate, despite deep sedation. '"'^ Neuromuscular blockade

also has been used to permit low respiratory rates and

prolonged expiratory times in patients with obstructive

airway disease. Although not clearly beneficial, patients

with severe head injuries sometimes receive paralytics in

an attempt to control intracranial hypertension and to re-

duce airway pressures during mechanical ventilation.''"

Neuromuscular blockade has been used to reduce oxygen

consumption in patients with severe respiratory failure or

hypothermia.^' Lastly, muscular spasms associated with

tetanus, which may interfere with mechanical ventilation,

rarely cannot be controlled without the use of NMBDs.*^

It is important to note, however, that no clinical evidence

supports the use of NMBDs to decrease the incidence of

barotrauma during mechanical ventilation. Administering

NMBDs to patients who already have synchronous me-

chanical ventilation does not improve pulmonary gas ex-

change.-''^

Difficulties with Neuromuscular Blockade

The use of NMBDs, though conveniently eliminating

patient movement, is fraught with difficulties in the criti-

cally ill patient. Disconnection from the ventilator can be

quickly fatal for a chemically paralyzed patient with lim-

ited neuromuscular reserve. Adequate neurologic and psy-

chologic patient evaluation is hindered by neuromuscular

blockade, because normal muscular responses and reflexes

are eliminated. Pain and anxiety may go undetected. Cough-

ing and clearance of airway secretions by the patient are

eliminated. Because of reliance on positive-pressure ven-

tilation, gas distribution within the lung is altered; gas

exchange can worsen in some patients.^^ Reversal of neu-

romuscular blockade can be difficult and prolonged.*-^

Neuropathic and myopathic changes have been associ-

ated with administration of NMBDs in critically ill pa-

tients.*^-*^ Pathologic changes include marked atrophy of

Type I and Type 11 muscle fibers, destructive myopathy,

and relatively intact nerves.^* The cause of neuromuscular

failure is unclear. The use of vecuronium, pancuronium,

and/or high doses of steroids appears to be associated with

its occurrence. NMBDs, corticosteroids, and the underly-

ing disease process may act synergistically to produce neu-

romuscular injury.'''*

Critical illness polyneuropathy, a disorder of the spinal

cord and the peripheral nerve, also has been associated

with NMBD use but can often occur in the absence of

NMBDs. Patients develop muscle weakness, wasting, im-

paired tendon reflexes, and difficulty weaning from respi-

ratory support.^" Critically ill patients subjected to pro-

longed neuromuscular blockade are probably at risk for

neurologic complications, regardless of the agent used.

Thus it appears prudent to minimize both the dose and

duration of NMBDs.

Choice of Neuromuscular Blocking Drug

A NMBD is selected with consideration of the antici-

pated duration of neuromuscular block, the patient's state

of health, and the drug's cost, hemodynamic side effects,

and metabolism (Tables 4 and 5).^' For example, rocuro-

nium, an intermediate-acting, nondepolarizing relaxant

with a fast onset time, may be suitable for rapid-sequence

induction when succinylcholine administration is contra-

indicated, but its expense prohibits its use for long-term

infusions.

Succinylcholine. Succinylcholine is a depolarizing mus-

cle relaxant with an onset time of 60 s and a clinical

duration of 5-10 min.^- It is indicated for facilitation of

emergency endotracheal intubation, and is contraindicated

in many critically ill patients. Muscles of patients who

have been at bed rest, immobilized, burned, suffered crush

injuries (although succinylcholine appears safe in the acute

setting), or have substantial paralysLs/paresis have an in-

creased number of extra-junctional acetylcholine recep-

tors. Administration of a depolarizing agent such as suc-

cinylcholine may result in an unexpectedly large increase

in potassium release, with life-threatening or fatal hyper-

kalemia.''''"

Prolonged paralysis may occur in patients with genetic

or drug-induced (eg, echothiophate, neostigmine) pseudo-

cholinestera.se deficiency. A history of malignant hyper-

thermia is an absolute contraindication to the use of suc-

cinylcholine. Succinylcholine transiently increases

intraocular and intracranial pressure, but there are many

reports of its safe use after open eye injuries or in the

setting of intracranial hypertension, especially if adequate

anesthesia is administered prior to the succinylcholine.^-''
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Table 4. Common Neuromuscular Blockmg Drugs

Drug Indication

Customary

Intuhating Dose

(mg/kg. intravenous)

Maintenance Inlusion Cost

Cisatracurium Intubation and maintenance for a duration s 2 h, or

with compromised renal or hepatic function, or when

changes in blood pressure or heart rate a 20*^ are

undesirable

Mivacurium Intubation and maintenance for a duration ^ I h with

normal renal and hepatic function

Pancuronium Intubation and/or maintenance for a duration > 2 h.

Combination with d-tubocurarine produces negligible

changes in blood pressure or heart rate

Rocuronium Rapid sequence induction, when succinylcholine is

contraindicated

Succinylcholine Routine or rapid sequence intubation

d-Tubocurarine Maintenance for a duration > 2 h

Vecuronium Intubation and maintenance for a duration £ 2 h and

when changes in blood pressure or heart rate of

a lOVc are undesirable

0.15-0.2 2 ^tg/kg/min Moderate

0.15-0.25 10 p,g/kg/min High

0.08-0.1 I ^ig/kg/min Low

0.6-1.2 0.01-0.012 mi!/kiz/min Hiijh

1.0
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dependent (Hofmann elimination), and mivacurium is me-

tabolized by pseudocholinesterase.

Vecuronium is popular because of its benign hemody-

namic profile and because it is perceived to have an in-

termediate duration of action.''' Prolonged paralysis, ini-

tially in critically ill patients with renal failure, and

subsequently in ICU patients with normal renal function,

has been reported, however, following long-term neuro-

muscular blockade with vecuronium.'** **" This prolonged

effect appears to be related to the accumulation of the

3-desacetyl metabolite.

Cisatracurium is an intermediate-duration NMBD. It is

a stereoisomer of atracurium but is 3 times as potent per

milligram. Its duration of action is largely independent of

renal or hepatic function, and there are no substantial his-

tamine release or cardiovascular side effects. A study com-

paring the recovery times of vecuronium with cisatracurium

in ICU patients reported that recovery of neuromuscular

function was more rapid with cisatracurium.**' Prolonged

paralysis has also been reported following its use in crit-

ically ill patients.*'-^^"^''

J-tubocurarine is the oldest of the NMBDs in current

clinical use. Although now rarely administered, its low

cost makes it an attractive option for producing long-act-

ing neuromuscular blockade. It is minimally metabolized,

instead depending on renal and hepatic clearance and re-

distribution to terminate its effect. Accumulation may oc-

cur in renal failure. tZ-tubocurarine can cause histamine

release, which can produce skin flushing, hypotension, and

bronchoconstriction. High doses of (/-tubocurarine can

block autonomic ganglions, producing systemic hypoten-

sion and profound mydriasis, which can confound neuro-

logic examination.'*'*

Pipecuronium and doxacurium are long-acting agents

that have no cardiovascular side effects.** jheir high cost

limits their use in critically ill patients. Mivacurium is an

intermediate-acting agent that is hydrolyzed by plasma

cholinesterase. It is also expensive and in high doses can

cause histamine release.

Synergistic effects occur when a steroidal NMBD (eg,

pancuronium or vecuronium) is administered along with a

benzylisoquinoline NMBD (eg. (/-tubocurarine, atracurium,

or cisatracurium).**' Blocking drugs with similar chemical

structure have additive effects.

Delivery of Neuromuscular Blocking Drugs

Intermittent dosing regimens may be problematic if the

patient's muscular activity interferes with mechanical ven-

tilation. Intermittent dosing may precipitate dose-related

side-effects, can produce peak plasma levels of the drug

that are far in excess of those required, and has the poten-

tial to overdose the patient and prolong the duration of the

block. Continuous infusions of NMBDs have the theoret-

ical advantage of providing a constant drug level and a

more reliable degree of neuromuscular block. Issues con-

cerning the pharmacokinetics and pharmacodynamics of

NMBDs complicate the use of continuous infusions in

critically ill patients. Accumulation of NMBDs and their

metabolites has been described for pancuronium, vecuro-

nium, and atracurium.*'- '*^ **"*''- Cisatracurium and d-luho-

curarine have not been well studied, but appear to accu-

mulate in renal failure. Tachyphylaxis occurs during long-

term administration, ^-tubocurarine infusions can

accentuate the upregulation of acetylcholine receptors at

the muscle membrane in models of burn injury. Even sub-

paralytic doses of NMBDs are probably sufficient to alter

acetylcholine receptor number or function.'^ Accordingly,

some advocate the use of scheduled periods of muscle

relaxant abstinence to prevent prolonged block or neuro-

muscular failure. *'•** A better strategy may be to use the

lowest dose of NMBD possible, for the shortest period of

time possible, and only when other techniques of provid-

ing immobility (ie, deep sedation) have failed. Drug inter-

actions, major changes of acid-base status, temperature,

and volumes of drug distribution can affect the degree of

neuromuscular blockade. These interactions usually are of

minor importance in the acute setting, but have not been

well studied in critically ill patients.

Monitoring of Neuromuscular Function

The response to peripheral nerve stimulation can be

quantified to judge the extent of neuromuscular blockade

and determine the requirement for additional NMBD.'-

The adductor pollicis muscle response to ulnar nerve stim-

ulation at the wrist is used most often for this purpose.

Cutaneous electrodes are placed over the ulnar nerve at the

wrist and attached to a pulse generator, which delivers a

graded impulse of electrical current at a specified fre-

quency. Evoked muscle tension can be estimated by feel-

ing for thumb adduction or measured by using a force

transducer. Tension and twitch height decrease with the

onset of neuromuscular blockade. If the ulnar nerve is

unavailable, other sites may be used (eg, facial nerve). The

response to a train-of-4 stimuli (supramaximal stimuli at a

frequency of 2 Hz repeated at intervals of < 10 s) is most

commonly assessed. Responses at that frequency show

fade during partial neuromuscular blockade. '''' During non-

depolarizing neuromuscular blockade, elimination of the

fourth response corresponds to 75% depression of the first

response, compared to control. Disappearance of the third,

second, and first responses correspond to 80%, 90%. and

100% depression of the first twitch, respectively. The ratio

of the height of the fourth to the first twitch correlates with

the degree of clinical recovery. The train-of-4 is the most

useful method for clinical monitoring, since it does not

require a control height, it is not as painful as tetanic
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stimuli, and it does not induce changes in subsequent re-

covery. It is not helpful in quantifying the degree of de-

polarizing blockade (after succinylcholine) because no fade

will be evident.

There is a belief that careful monitoring with a periph-

eral nerve stimulator will assure adequate blockade and

may reduce the complications of overdose and myopathy.'^"

Monitoring the twitch response of a critically ill patient,

however, can be problematic. The twitch response is af-

fected by the patient's temperature, amount of local tissue

edema, electrolyte abnormalities, and concurrent medica-

tions.'" Inter-observer variability in the interpretation of

the twitch response is also a problem. These problems are

generally surmountable. In prospective studies, however,

the use of twitch monitoring has not reduced the incidence

of prolonged neuromuscular blockade.'*"*"'^'*

Reversal of Neuromuscular Blockade

Reversal of a nondepolarizing block can be accelerated

by administering an anticholinesterase, which increases

the amount of acetylcholine available to compete with the

NMBD for its binding sites.''- Anticholinesterases have

both muscarinic and nicotinic effects. Muscarinic stimu-

lation leads to salivation, bradycardia, tearing, miosis, and

bronchoconstriction. Administration of an antimuscarinic

drug (eg, atropine or glycopyrolate) prior to the anticho-

linesterase minimizes muscarinic receptor stimulation.

Neostigmine (0.44 mg/kg intravenously, 3 mg in a typical

adult), in combination with glycopyrolate (0.0085 mg/kg

intravenously, 0.6 mg in a typical adult) is used most

commonly for reversal. Factors influencing the reversibil-

ity of a nondepolarizing block include the relaxant used,

the mode of administration (ie, single bolus, repeated bo-

luses, or infusion), depth of blockade, concomitant use of

anesthetics, and the choice of reversal agent. Clinical ev-

idence of adequate neuromuscular recovery includes ade-

quate ventilation and oxygenation, sustained grip strength,

the ability to sustain head lift or movement of an extremity

without fade, and the absence of discoordinated muscle

activity. Attempts to reverse a deep block with excessive

doses of neostigmine may paradoxically increase the de-

gree of residual weakness. Reversal should not be attempted

unless at least one response to a train-of-4 stimuli is present.

Pharmacologic Intervention During End-of-Life Care

There exists a strong presumption in our culture for the

continued provision of comfort measures during the ter-

mination of life-sustaining treatments. Specific indications

for sedation during the withdrawal process include pain,

air hunger or dyspnea, anxiety, excessive motor activity,

and the avoidance of acute drug withdrawal. Sedatives and

analgesic medications may be prescribed even though they

may reduce consciousness or speed death as a secondary

or "double effect."'"' Fortunately, the fear of hastening

death with the administration of opioids may have been

somewhat overemphasized. Patients given large doses of

opioids to treat discomfort during the withdrawal of life-

sustaining treatments on average live as long as patients

not given opioids, suggesting that it is the underlying dis-

ease process, not the use of palliative medications, that

usually determines the time of death.'"" In a recent obser-

vational study of 31 patients undergoing withdrawal of

mechanical ventilation, Campbell et al reported that the

duration of survival after withdrawal correlated with se-

verity of illness, but not with level of consciousness or the

use of sedatives and analgesics.'"'

Typically, patients will already be receiving sedative,

hypnotic, and/or analgesic medications when withdrawal

of life-sustaining measures is begun. The amount of addi-

tional medication necessary can be judged based on pre-

vious clinical responses. There is no predetermined max-

imum dose for these drugs. Ceiling doses are individually

established by the occurrence of adverse effects such as

excessive sedation, hypotension, or respiratory depression.

In case of tolerance to a specific drug class (eg, opioids),

the addition or substitution of a different drug class to

achieve sedation is reasonable.

Anticipatory dosing of opioids and sedatives may be

necessary before a sudden discontinuation of life support.

The variation of adequate dose requirements for sedatives

and opioids is extremely wide. Some patients may be un-

aware, in no apparent discomfort, and require no addi-

tional medication. Others may be entirely alert and re-

questing termination of life support. The dose of opioids

and sedatives can be adjusted according to perceptual cri-

teria (eg, reports of pain and sedation by patient, providers,

family, and other observers). In addition, physiologic cri-

teria (eg, heart rate and respiratory rate and pattern) may

be used as surrogate end points. '"-

As discussed above, neuromuscular blocking agents are

sometimes administered to critically ill patients. The clin-

ical rationale for continuing neuromuscular blocking agents

is lost once the decision to forego life-sustaining treat-

ments is made.'"^ It is important to note that paralyzed

patients are unable to express discomfort by attempting to

communicate or move. In cases of persistent weakness or

prolonged drug effect, most physicians decide to forego

withdrawal of mechanical ventilation. On the other hand,

some authors have argued that it is ethical to proceed after

administering high doses of sedatives and opioids to as-

sure the absence of patient awareness.'"^

Conclusions

Treatment of anxiety and delirium, provision of ade-

quate analgesia, and, when necessary, amnesia is not only
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humane, but may also reduce the incidence of post-trau-

matic stress disorders. Injudicious use of sedatives and

paralytics to produce a passive and motionless patient,

however, cannot be justified and may prolong weaning

and ICU stay. An appropriate balance between sedation

and wakefulness, passiveness and mobility, must be sought.

The choice of pharmacologic agents is made difficult by

unpredictable or poorly understood pharmacokinetics, drug

actions, and adverse effects in critically ill patients. In the

absence of adequate data, administration of sedatives, opi-

oids, and NMBDs for defined indications, and titration of

medications to specific well-defined end points should be

encouraged.
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Discussion

Pierson: It appears that one of the

complications of lung-protective ven-

tilation and its attendant permissive

hypercapnia is an increased need for

sedation. I say "it appears"" because

I'm not sure the degree to which that's

been documented. In my clinical ex-

perience as an attending in the medi-

cal ICU, and also consulting in surgi-

cal and neurosurgical ICUs, patients

managed with lung-protective venti-

lation do, in fact, often require, or are

at least administered, enormous

amounts of sedation. One of the com-

plications that we've observed first

hand of this is propylene glycol intox-

ication with attendant hyperosmolar

state and metabolic acidosis from con-

tinuous prolonged infusions of loraz-

epam. Propylene glycol is not used in

the suspension of midazolam, which

is one relative advantage of using that

drug. After a rather dramatic case of

this several years ago, and subsequent

review of the literature, we found that

there are now a number of reports of

this propylene glycol intoxication,

which can have its own constellation
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of complications. Tiiis is one more

testament in favor of intermittent clos-

ing and minimizing the total amount

of sedative drug given. But I must tell

you that daily on rounds our teams are

subjected to pressure of varying

degrees of subtlety from those at the

bedside to initiate drips for ease of

continuous management of patients

with severe respiratory failure who are

going to require lots of sedation for

many days.

Hurford: Your points are all well

made. There is a patient population

that needs prolonged anesthesia.

That's the indication for those with

lung-protective strategies, and severe

acute respiratory distress syndrome I

would put into that category. Our tech-

nique is a little different. We don't

use continuous infusions of lorazepam.

Also, midazolam continuous infusions

are too expensive for us.

Pierson: It's now generic.

Hurford: Yes. but it's still pretty

expensive for Massachusetts, and so

we try to get around that by using

intermittent but scheduled dosing of

lorazepam along with a second drug.

usually a lower dose, of propofol, and

so the mixture of the two, a background

of benzodiazepine, and then a propo-

fol infusion to provide less mobility,

and then high doses of opiods. if nec-

essary— high doses of dihydromor-

phone. sometimes exceeding 100

mg/h.

Durbin: When you're providing

general anesthesia for a prolonged pe-

riod in the ICU, do you think this is an

area where the BIS monitor might be

helpful? I remain skeptical of its value

in the operating room, although you

seem to be in support of using it. Its

use in the operating room seems to

result in using less anesthetic agents

rather than more. Perhaps using the

BIS monitor in therapeutically para-

lyzed patients in the ICU would result

in overdosing these patients less of-

ten. Do you think that is reasonable?

Hurford: The data really aren't

there, but I would support its use and

do support its use in patients who are

chemically paralyzed—if nothing else,

to prevent them from being too light.

Also, it helps encourage people to re-

duce doses at the same level. If they

find that the BIS monitor is consis-

tently reading 30, and it's a good sig-

nal, then you can use that as an argu-

ment to put together a weaning or

tapering schedule until, at least, you

see the BIS monitor move up in value.

But, it's the nonparalyzed patient in

whom I think it has limited applica-

bility. The other thing I find is that it's

really reassuring to people who are

around the patient that the patient is

not in distress.

Epstein: We're initiating a study

comparing a weaning protocol some-

what analogous to the one Marin

Kollef published in Critical Care Med-

icine,' and comparing that to Kress

and Hall's "wake 'em up" strategy.

^

One interesting problem we've noticed

is that when you have an algorithm

driven by a sedation scoring system, it

can be beaten by the nurses. If the

nurse' s bias is to keep that patient over-

sedated, which it often is, they can

interpret the Ramsay Score (we're ac-

tually using the Sedation-Agitation

scale [SAS]) any way they want And
that's one potential advantage of the

wake 'em up strategy. In one way it

takes them out of the picture and at

least once a day gets you to reduce

sedation. In our study we're looking

at long-term follow-up including

6-month quality of life. I think Jesse

I
Hall

I
and John Kress presented an

abstract at the most recent American

Thoracic Society conference, which

showed that those patients did not have

adverse recall of being awakened once

a day.' The other interesting thing is

that we've looked at the BIS and found

that it correlates fairly well with the

SAS, suggesting that you might be able

to use it instead of the SAS, again,

taking out that very subjective scoring

system that sometimes nurses like to

beat because they would prefer the pa-

tient to be very, very sedated.
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Maclntyre: Just a point of informa-

tion. In the ARDS Network trial we
were very concerned that a small tidal

volume would drive up the sedation

need. In fact, statistically, it did not.

That may mean we were just using

too much sedation in both groups

—

I'm not sure. But at least in that trial,

in which sedation was not a control

variable at all, there was not much

change. Also, a technical note on neu-

roinuscular blockers: because they

change chest wall compliance by re-

laxing the muscles, the ventilator pa-

rameters may change, plateau pres-

sures with volume-control breaths may
change, and the volume delivered with

pressure control breaths may change.

I think it's important that practitioners

recognize that it's not that these drugs

are doing something to lung mechan-

ics, they're doing things to the chest

wall.

Hurford: All good points.
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Mechanical Ventilation. Neil R Maclntyre

MD FAARC and Richard D Branson RRT
FAARC editors. Philadelphia: WB Saun-

ders. 2001. Soft cover, illustrated. 528

pages, $59.

During the past 27 years 1 have witnessed

mechanical ventilation e\olve from a "treat-

ment" to a science. We are now beginning

to better appreciate how to optimize mechan-

ical ventilation to restore pulmonary me-

chanics and maintain oxygen delivery. We
are on the threshold of managing respiratory

failure more successfully as a result of re-

thinking the application of flow, pressure,

and volume during mechanical ventilation.

Two prohtic writers in respiratory care.

Neil Maclntyre and Richard Branson, have

written a comprehensive book. Mechanical

Ventilation, that clearly moves respiratory

care practitioners into a new decade of crit-

ical care science. Maclntyre and Branson's

book, which includes contributions from 29

other health care professionals, is on the

cutting edge of bringing together technical

aspects of mechanical ventilation, effects of

positive pressure on cardiopulmonary func-

tion, adjuncts such as nutritional support and

patient positioning, clinical application of

positive pressure in a variety of disease

states, and nonconventional therapeutic ap-

proaches such as extracorporeal oxygenation

and liquid ventilation. The text is well-ref-

erenced and includes citations of current re-

search. This makes it timely reading for prac-

titioners interested in keeping current in the

application of mechanical ventilation.

Although this text covers fundamental

topics such as airway management, bron-

chodilator therapy, humidity and aerosol

therapy, as well as oxygen therapy, it is

intended for seasoned clinicians to advance

their understanding of the many facets of

mechanical ventilation. Topics include not

only basic ventilator function but more ad-

vanced concepts as well, including modes,

effects of positive pressure, patient response

to various modes of mechanical ventilation,

the alteration of respiratory mechanics in

disease states while on mechanical ventila-

tion, and modification of con\ entional ven-

tilation techniques.

This text is organized into 5 sections,

consisting of technical aspects of mechani-

cal ventilation, physiology of positive pres-

sure ventilation, adjunctive care during me-

chanical ventilation, specific application of

positive pressure ventilation with various

disease states and conditions, and special-

ized techniques and future therapies. Each

section is presented in a logical order, help-

ing the reader conceptualize the many

themes contained in the book.

Section I covers technical aspects of me-

chanical ventilation, classification of me-

chanical ventilators, modes, patient-ventila-

tor interface, humidification and aerosol

therapy, and ventilator monitoring. Chap-

ters 1 and 2 expand on pre\ iously published

ventilator classification criteria promoted by

Chatbum and Branson. These chapters

clearly illustrate the need for a standardized

classification system for ventilators and ven-

tilation modes. The authors call for a uni-

versal classification system describing par-

ticular application of pressure, flow, and

volume (ie, modes). The first reading of the

chapter on classification is a bit cumber-

some to understand, but after closer study it

becomes clear that the authors provide am-

ple support for their classification system.

This chapter clearly illusu-ates the urgent

need for agreement among practitioners,

manufacturers, and educators on the terms

and definitions of mechanical ventilation.

In Section I the authors do an excellent

job of introducing new approaches such as

proportional assist ventilation, tube compen-

sation, automode, and adaptive support ven-

tilation. Chapters in Section 1 are also well

illustrated and discuss several unique con-

cepts that I have not yet seen well described

in other texts. For example, concepts such

as calculating the amount of condensation

in a ventilator circuit, calculating heat-and-

moisture-exchanger dead space, and esti-

mating intrinsic positive end-expiratory

pressure are discussed. Other topics cov-

ered in the text include a good discussion of

patient interaction with tlie ventilator via a

circuit, care of artificial airways, and bron-

chial hygiene. Standard procedures such as

suctioning, securing the airway, and cuff

management are also discussed. An impor-

tant issue highlighted by the authors is the

lack of clinical data supporting the efficacy

of saline instillation in bronchial hygiene,

which remains a common practice despite

that lack of supporting evidence. Like other

related books, the authors miss a crucial point

about converting cuff pressure values from

mm Hg to cm H^O. Most often the bedside

measurement of cuff pressure is in cm H-,0,

whereas most texts discuss pressure in

mm Hg.

I was disappointed that in Chapter 4, "Hu-

midification and Aerosol Therapy During

Mechanical Ventilation," there was no dis-

cussion on proper delivery techniques of

medicated aerosol during mechanical ven-

tilation. In an advanced text such as this,

instructions on how to use metered-dose in-

halers and small-Nolume nebulizers should

ha\e been foregone in favor of discussing

the appUcation of medicated aerosol during

mechanical ventilation. Table 4.4 lists many

factors influencing aerosol deposition dur-

ing mechanical ventilation. Perhaps a por-

tion of this chapter could have focused on a

discussion of those factors.

Section n is unique in its approach to the

physiology of mechanical ventilation and

how it affects normal and abnormal respi-

ratory mechanics. Airway compliance and

airway resistance in both normal and abnor-

mal lungs are discussed, as well as the ef-

fects of different modes on those variables.

I found their simple explanation of hyster-

esis with clinical appUcation useful. A thor-

ough discussion of the indices of work of

breathing, such as pressure-time product, is

included. A descriptive figure (on page 156)

of flow-volume and pressure targeting ven-

tilation illustrates how pressure, flow, and

volume vary. This is just one example of

the well-illustrated figures integrated into

the text to illustrate difficult concepts.

Since the primary reason we apply me-

chanical ventilation is to restore pulmonary

mechanics and gas exchange, a brief chap-

ter is included on the principles of oxygen

delivery devices. I would like to have seen

an expanded discussion on topics only

briefly mentioned in this chapter, such as

biochemical markers for tissue oxygenation,

tissue oxygen measurement, and oxygen

toxicity.

Chapter 9 in this section is unique in its

presentation ofpatient-ventilator interaction.

This chapter discusses ventilator synchrony

in detail, including how to achieve it. The

importance of synchronizing flow-directed
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bieallis is cle;irly defended. Chapter 4 rea-

sons through the best ehnical apphcation of

eaeh mode to reduce muscle work and im-

prove patient-ventilator synchrony. The

chapter concludes with a call for improving

valve sensitivity and a good argument for a

newly emerging mode called proportional

assist ventilation.

Chapter 10 discusses the effects of pos-

itive pressure on cardiovascular fiinction.

This often overlooked aspect of mechanical

ventilation reminds the reader of the effects

of pressurizing the thorax and the effect on

cardiovascular function and variables such

as preload and afterload.

Chapter 1 1 pro\ides current infonnation

about stretch injury of lung tissue during

mechanical ventilation. If we are to address

mortality rates associated with diseases such

as acute respiratory distress syndrome, this

important concept must be appreciated by

respiratory care providers. This well-refer-

enced chapter supports the trend for smaller

tidal volumes and lung-protective strategies.

Section 111 combines chapters on adjuncts

to mechanical ventilation and respiratory

therapy, such as nutritional support, airway

management, sedation and paralysis, phar-

macologic support, patient positioning, and

ventilator-associated pneumonia. Again,

each chapter provides an overview of basic

material and concludes with more difficult

material.

I was a bit disappointed to find a discus-

sion and line drawing of the esophageal ob-

turator in Chapter 13. This device is not

commonly used by respiratory clinicians,

having been replaced by the laryngeal mask

airway. In this chapter, the laryngeal mask

airway is poorly illustrated and the discus-

sion about its use is brief. A reference is

made in this chapter regarding preparing the

patient for intubation using 10-15 L/min of

oxygen flow to the self-infiating bag (dur-

ing manual ventilation). Higher flows are

often more appropriate.

Chapter 14 provides a comprehensive re-

view of current drugs used for sedation and

paralysis. Hazards associated with extended

use of those types of drugs are clearly illus-

trated, along with safety guidelines for their

inclusion in patient management. This sec-

tion also includes a brief overview of the

pharmacology of respiratory drugs.

Chapter 16 is of particular interest, as it

describes positioning the patient for optimal

pulmonary mechanics and gas exchange. A
good argument for appreciating proper po-

sitioning of a patient with acute respiratory

distress syndrome (eg, prone) is defended

in the text with current research.

1 found Chapter 17 on ventilator-associ-

ated pneumonia to be thorough and well

supported with cunent research. Although

not well illustrated, this chapter is exhaus-

tive in its discussion of the topic. I did. how-

ever, tmd a particularly troubling statement

on page 301: "Most ventilators currently in

use have a cascade humidifier in which bac-

terial contamination is uncommon." 1 think

the last cascade humidifier 1 saw was in

1978. Perhaps the author meant to say that

wick-type humidifiers are more common
with mechanical ventilation.

Maclntyre's talent as a clinician is evi-

dent in Chapters 18 and 19, which deal with

the application of mechanical ventilation to

specific diseases such as lung parenchymal

disease and disorders involving airway ob-

struction. The general literature is lacking

in these strategies, and Maclntyre applies

various modes of ventilation to each disease

and supports his arguments with clinical ex-

perience and applied research.

Chapters 20. 21. and 22 cover weaning

strategies, long-term mechanical ventilation,

and transporting patients on mechanical ven-

tilation. All are well written and well-illus-

trated. Issues associated with transporting

the patient with an artificial airway and me-

chanical ventilation are of particular inter-

est, since other related books often omit this

topic.

One strength of this book is its introduc-

tion of innovative strategies in mechanical

ventilation. These include liquid ventilation,

extracorporeal support, heliox (helium-ox-

ygen mixture), and noninvasive ventilation.

Since the institution 1 am associated with

provides each of those therapies, I was able

to appreciate the clinical relevance of the

remaining chapters.

Contributor Robert McConnell explores

modifications of conventional mechanical

\entilation such as airway pressure release

ventilation, differential lung ventilation, pro-

portional assist ventilation, and tracheal gas

insufflation. His approach could be used as

a model for related books. Each modality is

presented in a similar format, which includes

a discussion of the modality and rationale

for its use. TTiis is followed by a summary

of current research findings and recommen-

dations for clinical use of the modality. The

chapter concludes with a discussion of me-

chanical ventilation modification for use in

hyperbaric oxygen chambers and magnetic

resonance imaging units.

Chapters 25 and 27 deal with high-fre-

quency and liquid ventilation, respectively.

1 found the content to be accurate and up to

date in terms of current standiirds of prac-

tice. Both chapters are well illustrated and

referenced.

Chapter 28 provides a thorough discus-

sion on clinical use of heliox and nitric ox-

ide therapy. Both topics cire timely and pro-

vide the reader with an excellent overview

of these therapies. 1 would have liked the

text to include a detailed discussion of the

application of liquid ventilation in human

subjects on mechanical ventilation.

A nice feature of this book is its "Case

Studies in Mechanical Ventilation" section,

wherein Maclntyre provides 6 clinically-

based case studies with ventilator graphics

and an opportunity to apply what the reader

has leiuTied from the text. An answer sec-

tion is provided to give immediate feed-

back. These cases are written in such a man-

ner that they would be useful to both students

and practitioners.

Weaknesses of Mechanical Ventilation

include a number of difficult-to-conceptu-

alize figures and graphics. For example. Fig-

ure 1-26 is complicated in terms of visual-

izing relationships between pressure, flow,

and volume. This graphic is too busy and

requires careful analysis to comprehend.

Figures 3-3 and 3-4 describe flow and

threshold resistors and contain equations us-

ing inconsistent symbols that are not ex-

plained. Figure 4-6 on page 1 1 1 illustrates

types of passive humidifiers in a nondistin-

guishable manner. A number of ventilator

graphic figures are sized too small for read-

ers to easily discern the concept portrayed.

A number of other figures throughout the

text can be found in numerous other respi-

ratory care equipment books. Although they

are effective, perhaps original art would have

made this text better. Chapter 1 2. on nutri-

tion, contains no illustrations or figures,

though many of the concepts discussed could

have benefited from figures.

The lengthy and detailed figure legends

may be distracting for some readers. The

scrutiny required to interpret the graphics

correctly may cause the reader to leave the

flow of the text. Perhaps figure explana-

tions could have been placed in the text to

maintain continuity when reading.

Several errors were also noted. Computed

tomograms on pages 285 and 286 are ro-

tated, making visualization difficult. For ex-
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ample. Figure 16-1 contains a photo of a

female patient in a lateral decubitus posi-

tion but the photo is rotated, showing the

patient supine. Figure 16-2 is described as

a patient in the prone position but the photo

is turned on its side. The descriptions for

Figures 4.3 and 4.4 of a cascade and bubble

humidifier on page 109 are reversed; thus,

the devices are mislabeled.

Despite those weaknesses and typograph-

ical errors, this book is well written and

organized, and it addresses a number of con-

cepts not found in other books on the same

topic. 1 recommend it to anyone wanting to

remain current in the care of the patient

receiving mechanical ventilation.

Dennis R Wissing PhD RRT
Department of Cardiopulmonary Science

School of Allied Health Professions

Louisiana State University

Health Sciences Center

Shreveport, Louisiana

Noninvasive Positive Pressure Ventila-

tion: Principles and Application. Nicho-

las S Hill MD, Editor. Armonk. New York;

Futura. 2001. Hard cover. 240 pages, $70.

Noninvasive ventilation is a technique

that has existed for over a century. How-

ever, in the past 10 to 15 years this field has

grown exponentially, and the application of

noninvasive ventilatory devices is one of

the most common procedures in respiratory

care practice. Dr Nicholas Hill, a well-

known author and contributor in this field,

has put together a reference for noninvasive

positive-pressure ventilation that will be an

excellent addition to the library of individ-

uals who might employ this ventilatory tech-

nique, including respiratory care practitio-

ners; pulmonary, critical care, and

emergency physicians; and critical care

nurses. Dr Hill has done an admirable job

of bringing together in one book threads

from a number of areas in the medical lit-

erature.

The book is composed of 240 pages di-

vided into 1 1 chapters, an appendix, and an

index. The text is clear and easily readable,

and the layout of the book is logical and

straightforward. It is clear that Dr Hill put

forth prodigious effort in compiling this vol-

ume, as he is not only the editor but also the

author or co-author of 8 of the 1 1 chapters.

The other contributors include a number of

noted experts in this field, including physi-

cians and respiratory therapists. The chap-

ters are divided into general topics such as

a review of the equipment used in noninva-

sive ventilation as well as the application of

the technique in specific situations such as

acute exacerbation of chronic obstructive

pulmonary disease. This is completely ap-

propriate, as both the techniques and the

evidence supporting the use of noninvasive

positive pressure naturally divide well along

those lines. The chapters are well written

and appropriate in length for each of the

subjects discussed. The referencing is ex-

cellent and 1 believe very important in this

field, where equipment can be expensive

and the outcome not always proven by con-

trolled trials.

1 believe that readers will find very help-

ful guidelines and algorithms that Dr Hill

and his contributors have set up when ap-

proaching application of this technique to

patients with a variety of disease processes.

Tlie authors are very clear in citing data to

support their guidelines and also clear when

there are not sufficient data to support an

algorithm or practice guideline. In those sit-

uations they have formulated sensible and

reasonable guidelines. Dean Hess, a noted

respiratory therapist and researcher contrib-

uted an excellent chapter detailing the in-

terfaces, ventilators, and devices used in the

application of noninvasive positive-pressure

ventilation. He provides an extremely logi-

cal and well-organized presentation of this

burgeoning subject. My only suggestion

would be to add an appendix with contact

information for the equipment manufacUir-

ers, as this is such an equipment-intensive

area of respiratory care. Obviously, that ap-

pendix would require frequent updating, but

many of the equipment providers have now

been around for many years.

I congratulate Dr Hill and his colleagues

on an excellent book that I will keep close

at hand in my respiratory care library.

Joshua O Benditt MD
Respiratory Care Services

Division of Pulmonary and

Critical Care Medicine

University of Washington

Seattle, Washington

Critical Care Handbook of the Massa-

chusetts General Hospital, 3rd edition.

William E Hurt'ord, Senior Editor. Luca M
Bigatello. Kenneth L Haspel, Dean Hess,

Ralph L Warren, Associate Editors. Phila-

delphia: Lippincott Williams & Wilkins.

2000. Soft cover, illustrated, 815 pages,

$39.95.

The Critical Care Handbook of the

Massachusetts General Hospital is a mul-

tidisciplinary guide to the care of patients in

intensive care. It is a companion handbook

to Clinical Anesthesia Procedures of the

Massachusetts General Hospital, 5th edi-

tion, but can certainly stand alone. As stated

in the preface, the handbook is intended as

a bedside reference and an initial source of

information for a wide variety of care-

givers. The anticipated readership includes

physicians (from residents to practitioners),

medical students, and respiratory therapists.

The editors acknowledge that no handbook

can comprehensively cover the vast topic of

critical care, and they aim to answer only

the most commonly asked critical care ques-

tions.

The book is divided into 3 large sections,

covering critical care principles, medical

considerations, and surgical considerations.

Within each section, several chapters ad-

dress the commonly encountered topics in

each subject. Just glancing through the table

of contents, one can see the comprehensive

nature of this handbook. Not only do the

authors dedicate individual chapters to ba-

sic types of monitoring, procedural tech-

niques, and therapies; they also address less

"critical" topics such as nutrition and end-

of-Ufe issues. Each chapter is written in out-

line form, with clear headings that make

subjects easy to find and read. Important

vocabulary is printed in boldface type. Il-

lustrations, charts, and tables supplement the

text quite well and are clear and well la-

beled. The information provided is concise,

accurate, and mostly up to date.

Section I covers critical care principles

extensively. Chapter order is well thought

out, beginning with monitoring and basic

management issues in Chapters 1 through

8, and proceeding to trouble-shooting and

specific therapies in Chapters 9 through 16.

The initial chapter on hemodynamic moni-

toring covers basic physiology and its clin-

ical application, indications for invasive

procedures, and techniques. Chapter 4 suc-

cinctly covers mechanical ventilation, be-

ginning with indications and basic circuitry

and progressing to such topics as advanced

ventilator modes, patient-ventilator dyssyn-

chrony, and the basics of weaning tech-

niques. Medical students and internists alike

have something to learn there. After review-

ing the chapter on nutrition, any health care

provider can adequately provide the nutri-

tional needs of an intensive care patient.
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Chapters 9 through 16 deal with a breadth

of information extremely well. The chapter

on hypotension and shock covers etiology,

pathophysiology, clinical presentation, dif-

ferential diagnosis, and management. Tar-

get receptors and clinical effects of vaso-

pressor drugs are summarized well with a

simple table. The chapter on hematology

and transfusion therapy encompasses every-

thing from transfusion indications to reac-

tions, coagulopathies to anticoagulation.

One minor omission in the discussion of

technical considerations of blood compo-

nent therapy (Chapter 12. Section III.G) is

the use of irradiated blood products to re-

duce or prevent adverse reactions. Advanced

cardiac life support protocols and adult and

pediatric life support are addressed in Chap-

ter 15.

Section n, medical considerations, spans

a spectrum of topics from cardiology and

pulmonary issues to endocrine and derma-

tologic manifestations of critical illness. In

the cardiology chapters the authors provide

enough basic information to enlighten med-

ical students, such as a table Usting the lo-

cation of ischemia by electrocardiogram cri-

teria, and enough advanced information to

satisfy an intemist, such as a discussion of

thrombolytic therapy versus percutaneous

transluminal coronary angioplasty for acute

myocardial infarction. Unfortunately there

is only a cursory mention of glyco-

protein Ilb/IIIa inhibitors. The chapter on

acute respiratory distress syndrome provides

a good overview as well as a discussion of

management strategies. The newest evi-

dence regarding mortality benefit with low-

tidal-volume ventilation' is not included,

perhaps because of the simultaneous publi-

cation dates of those data and this hand-

book. The discussion of chronic obstructive

pulmonary disease and asthma begins with

a physical exam description fit for a medi-

cal student and progresses on to medical

therapies and ventilator management strat-

egies. A flow chart outlining an approach to

mechanical ventilation (Chapter 21, Section

V.A) is a good reference for all levels of

training. The chapter on pulmonary embo-

hsm and deep venous thrombosis includes

data from the PIOPED study- as well as a

basic review of prevention, diagnosis, and

treatment of thromboembolic disease. The

remainder of the chapters in this section pro-

vide an excellent reference for commonly

encountered intensive care questions in the

fields of nephrology, gastroenterology, en-

docrinology, infectious disease, neurology,

and dermatology.

Section 111 deals with the surgical con-

siderations of critical care. Some chapters

focus on the care of certain types of pa-

tients, such as trauma and bum victims: oth-

ers focus on certain types of surgeries, such

as thoracic and vascular. Chapter 34 ad-

dresses care of the bumed patient. Particu-

larly helpful are tables 34-3 and 34-8,

which list important aspects of secondary

survey and systematic reassessment of these

complicated patients by organ system. The

highly specialized topics of organ transplan-

tation, neonatal intensive care, and obstet-

rics and gynecology as they pertain to crit-

ical care are tackled in the last 3 chapters.

These are likely to be particularly useful to

a resident or fellow during clinical rotations

or a practitioner who finds himself caring

for a patient out of his area of expertise.

Finally, a brief supplemental section pro-

vides a 50-page reference of drug informa-

tion. Many commonly used critical care

drugs are summarized in terms of indica-

tions, dosage, effect, onset, duration, clear-

ance, and additional comments. A brief list-

ing of normal laboratory values precedes

the subject index.

In summary, the Critical Care Hand-

book of the Massachusetts General Hos-

pital is a comprehensive and handy refer-

ence book for anyone who takes care of

patients in the intensive care setting. Read-

ers most likely to find this text useful are

medical students and physicians at all levels

of training. It was certainly a worthy addi-

tion to the coat pocket and desktop of this

pulmonary and critical care fellow.

Stefanie Nunez MD
Department of Medicine

Division of Pulmonary and Critical Care

University of Washington Medical Center

Seattle, Washington
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This book by William Jarvis reviews one

of the most important and controversial top-

ics in pulmonary infections: nosocomial

pneumonia. The book reviews in depth

several important issues in nosocomial pneu-

monia: clinical evaluation and microbiolog-

ical diagnosis, epidemiology and surveil-

lance, risk factors, antimicrobial therapy, and

prevention. The book can seem redundant

because too many chapters focus on pre-

vention. Overall, the sections on diagnosis,

treatment, and immunomodulation are ad-

dressed to physicians, whereas all the chap-

ters on risk factors and prevention are of

interest for both physicians and respiratory

therapists.

Since the book is mainly addressed to

prevention, other important nosocomial

pneumonia issues are minimized. The ma-

terial is well selected but the order of the

presentation of the chapters is not entirely

logical. Epidemiology should be the first

issue. A chapter on prognosis and mortality

is clearly lacking.

The chapter on diagnosis of ventilator-

associated pneumonia is one of the best. It

is written by authors very experienced in

the subject and providing their own experi-

ence. However, their view about invasive

techniques for diagnosis is not well balanced.

The next chapter, on surveillance and its

impact, is very useful, since it describes the

current methods for surveillance and defines

how nosocomial pneumonia rates have to

be calculated and reported. The section on

the distribution of pathogens is too short

and simplistic.

Fleming, Steger, and Craven wrote the

chapter on risk factors and cost-effective

strategies for prevention. This is also one of

the best chapters of the book. It is up to

date, covers most of the subjects, and re-

ports the grading evidence for preventing

nosocomial pneumonia.

The chapter concerning antimicrobial

treatment of nosocomial pneumonia reviews

some basic concepts of antibiotic therapy

and controversial issues such as mono-

therapy and administration of aminoglyco-

sides in a single daily dose. The authors

reviewed the recommended therapy for

early- and late-onset pneumonia in a very
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simplistic way. Interestingly, they wrote (as

in a textbook) the directed therapy against

most of the microorganisms causing noso-

comial pneumonia. The important issue of

empiric antibiotic therapy is not completely

covered. The American Thoracic Society

statement on nosocomial pneumonia is not

reported, and antimicrobial treatment fail-

ures are not covered.

An extensive chapter on selective diges-

tive decontamination is co-authored by one

of the opponents of that method, Marc

Bonten. Bonten and Weinstein report the

concepts of selective digestive decontami-

nation, a large and extensive review of the

literature, a reflection on meta-analysis con-

clusions, and their final opinion on the use

of selective digestive decontamination. The

chapter is well balanced and the revision

extremely concise, which makes this chap-

ter very useful to prepare educational talks.

Immunoprophylaxis and immunomodu-

lation for preventing nosocomial pneumo-

nia are covered by Williams et al. Most of

the chapter is dedicated to review of the 2

vaccines (pneumococcal and influenza) use-

ful in preventing community-acquired re-

spiratory infections. This issue would fit bet-

ter in a book on community-acquired

pneumonia, and 1 am not sure about its value

here.

Wong and Wenzel describe programs to

implement strategies for preventing noso-

comial pneumonia, such as organizing a

quality improvement committee, identify-

ing opportunities for improvement, staff ed-

ucation, implementation, and program eval-

uation, and the final impact of programs.

This chapter completes the earlier chapter

on risk factors and prevention and should

appear after it in the book.

Nosocomial pneumonia in neonatal and

pediatric intensive care units is covered in

another chapter, and most of the issues are

reviewed in depth. The arguments are clear

and logically sound and the material well

selected and organized. However, since most

of the book is addressed to the adult popu-

lation, I question the value of that chapter in

this monograph.

The final chapter reviews postoperative

pneumonia incidence, mortality rate, risk

factors and pathogenesis, the effects of an-

esthesia and surgery on pulmonary mechan-

ics, and mechanical ventilation modes in-

tended to reduce the risk of postoperative

pneumonia. The chapter does not follow the

logical order (etiopathology. epidemiology,

prevention), and 1 am not sure about its util-

ity, since most of the topics are well cov-

ered in other chapters.

The book's general appearance is good,

with few typographical errors. There are sec-

tions that contain a lot of text with few il-

lustrations and sometimes long tables (eg,

the one on selective digestive decontamina-

tion), which makes the book difficult to read

in some parts. The references are well up-

dated and the index is well constructed and

useful.

The book should be entitled Diagnosis

and Prevention ofNosocomial Pneumonia.

The actual title may be confusing for a reader

who expects a broad coverage of the sub-

jects as follows; histopathology, etiopathol-

ogy, epidemiology (incidence, risk), prog-

nosis factors, etiology, clinical and

microbiological diagnosis, treatment, and

prevention. Clearly, chapters on histopathol-

ogy, clinical diagnosis, etiology, mortality

are lacking in this monograph. However,

the book is useful to update your knowl-

edge on prevention of nosocomial pneumo-

nia. The chapter on vaccination is out of

place and other chapters on very specific

subjects are not very useful. The order of

the chapters should be: diagnosis, antimi-

crobial treatment, neonatal and pediatric in-

tensive care units, postoperative pneumo-

nia, risk factors, surveillance and its impact,

and selective digestive decontamination.

Antonio Torres MD
Clinical Institute of Pneumology and

Thoracic Surgery

Hospital Clinic Barcelona

Barcelona, Spain

Master Guide for Passing the Respira-

tory Care Credentialing Exams, 4th edi-

tion. Rick Meyer MS RRT, with contribu-

tions by Terrance M Krider RRT and

William A Syvertsen MS RRT. Upper Sad-

dle River. New Jersey: Prentice Hall. 2000.

Soft cover, illustrated, 564 pages, $53.33.

The author suggests that the Master

Guide for Passing the Respiratory Care

Credentialing Exams is useful to several

audiences. For example, candidates for the

National Board for Respiratory Care cre-

dentialing exams are able to assess their

strengths and weaknesses; respiratory care

educators can use the book to assist in de-

veloping test questions; and for physicians,

nurses, and other allied health practitioners

this book provides a review of current de-

velopments in respiratory care. The book

could also be useful for respiratory therapy

students whose curriculum includes prepar-

ing for the credentialing exams.

The book is divided into 3 major content

sections (data, equipment, and therapy) that

are similar to the matrix for the National

Board for Respiratory Care exams, and each

section begins with an outline of each chap-

ter. Each chapter ends with self-test ques-

tions that are multiple-choice and references

that are recent publications. What would be

beneficial are reference materials from the

World Wide Web. The final section of the

book provides self-assessment examinations

for the certified respiratory therapist and reg-

istered respiratory therapist. Also in this sec-

tion are the self-assessment answer key and

the answers to the questions at the ends of

the chapters.

The drawbacks of this textbook include

the overall organization of the book, the ex-

planations of the self-assessment test an-

swers, and a lack of illustrations. I under-

stand the rationale for the textbook division

into sections that are similar to the National

Board for Respiratory Care matrix, but this

has resulted in repetition of topics in several

chapters. For example in Chapters 3 and 23

there is information about capnography.

Chapters 1 1 and 1 8 both discuss suctioning,

yet Chapter 14 covers vacuum systems and

suctioning pressures. The information would

be better organized by combining similar

content areas, which would allow easier

comprehension. Since this is a self-assess-

ment book, it would be beneficial to include

explanations and rationales for the certified

respiratory therapist and the registered re-

spiratory therapist self-assessment examina-

tions as well as for the questions at the ends

of the chapter.

The graphic illustrations in Chapter 3 and

15 are adequate, but additional illustrations

would enhance the book. For example, in

Chapter 4, "Pulmonary Laboratory," the ad-

dition of a lung volumes and capacities di-

agram, normal and abnomial flow volume

loops, and a diagram of the oxyhemoglobin

dissociation curve would be beneficial. The

pressure-volume loop graphic and explana-

tion should be included because it is used

often in clinical practice. The chapter on

interpretation of arterial blood gases would

be enhanced if several examples of arterial

blood gas interpretations were included.

Chapter 6. "Bedside Hemodynamic Mon-

itoring," Chapter 25, "Cardiovascular Mon-

itoring," and some of the infomiation about

vascular monitoring in Chapter 28, "Record

Maintenance and Documentation," should
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have been combined. For example, the dis-

cussion ofcardiac outpiil in Chapter 6 should

have been combined with the discussion of

measurement of cardiac output and hemo-

dynamic changes with altered cardiac out-

put, and they should have included a nor-

mal pressure wa\'efonn tracing for the right

atrium, right ventricle, pulmonarv' artery,

and pulmonary' artery wedge pressures.

Since Chapter 9 is devoted to perinatal/

neonatal assessment, more detailed infor-

mation should be provided. For example,

the maternal factors list could be more

extensive and include maternal age and

previous history of infants with respiratory

problems. Information about intrauterine as-

sessment should also be in this chapter. Ap-

gar score should include what interventions

are taken. The Silverman score and the Bal-

lard modification of the Dubowitz gesta-

tional age assessment are discussed, but the

addition of the charts would be extremely

beneficial. I would also like to see included

more information about the umbilical arter-

ies, such as how many arteries and high and

low locations of the arterial and venous um-

bilical lines on radiograph. 1 was disap-

pointed to see that the author did not in-

clude information about arterialized

capillar)' blood sampling and retrolental fi-

broplasia.

Chapter 10. "Analyze Data and Deter-

mine Plan." was quite detailed and infor-

mative. The guidelines in Chapter 19 for

managing adult asthma should be included

in Chapter 10. The chapter should be di-

vided into adult \ersus neonatal/pediatric

diseases. The chapter should include more

details on bronchopulmonary dysplasia,

meconium aspiration syndrome, persistent

pulmonary hypertension of the newborn,

bronchiolitis, respiratory syncytial virus,

separate croup, and epiglottitis.

In Chapter 1 1 . "Resuscitation Devices."

incorporating illustrations of the laryngo-

scope and views of the larynx through the

laryngoscope and endotracheal tubes would

be beneficial, and appropriate endotracheal

tube sizes for newborns, based on weight,

need to be included.

Chapters 1 2 and certain sections ofChap-

ter 14 could be combined: for example, the

sections on safety systems, regulators, re-

ducing valves, flow meters, blenders, con-

trollers, manometers, and gauges all discuss

oxygen and medical gas therapies. And il-

lustrations such as of oxygen delivery de-

vices and oxygen tanks, showing the vari-

ous markings, should be included.

In Chapter \5 the discussion of bi-level

positive airway pressure is limited to ob-

structi\e sleep apnea treatment, but the use

of this modality has expanded to chronic

obstructive pulmonary disease, respiratory

failure (to avoid intubation), hypoxemia, and

use among home patients with neuromus-

cular dysfunction. Information from Chap-

ters 15, 21, and 24 should have been com-

bined to allow a better understanding of

mechanical ventilation in the adult popula-

tion. There is excellent infomiation about

compliance, airway resistance, adequate

oxygenation, characteristics of ventilators,

and ventilator modes.

In Chapter 19, "Respiratory Pharmaco-

logic Agents," the sections on managing

asthma in children and smoking cessation

should be relocated to elsewhere book. Also,

the chapter should discuss the use and dos-

age of Atrovent (ipratropium bromide) as

an aerosolized drug.

Since a chapter was devoted to mechan-

ical ventilation of neonates, it would be ben-

eficial to enhance the chapter by discussing

the availability and use of newer modalities

for the neonatal and pediatric populations.

Also, a brief discussion of extracorporeal

membrane oxygenation and nitric oxide

should be included.

The management of resuscitation by Ap-

gar score, which is mentioned in Chapter

26, should be changed to general interven-

tions when the Apgar scores are as stated.

The phrase "management by Apgar score"

implies the resuscitation is done based on

the Apgar scoring, which is not correct, ac-

cording to the Neonatal Resuscitation Pro-

gram guidelines. '-

This book has a wealth of infomiation

but could better meet the goal of passing the

credentialing exams by a reorganization of

the information provided. By doing so the

reader could more easily and comfortably

use the book.

Lisa Johnson RRT
Respiratory Care Program

Division of Diagnostic and

Therapeutic Sciences

State University of New York

Stony Brook

Stony Brook, New York
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Drastic changes occur at birth as a fetus

transitions from intrauterine to extrauterine

life. Many of these changes occur very

abruptly, and the most phenomenal of these

happen in the heart and lungs. Most neona-

tal respiratory care professionals can easily

describe the blood flow changes across the

fetal shunts, but in order for these to occur,

extraordinary events must occur in the lungs

before, during, and after birth, most notably

the changes in pulmonary circulation. These

extraordinary events are the focus of The

Fetal and Neonatal Pulmonary Circula-

tions.

This book presents a very detailed re-

view of the current knowledge base related

to fetal and neonatal pulmonary' circulation.

As a collection of related monographs it is

a composite of various academic writings

from around the world, each describing very

specific research topics. This book is part of

the American Heart Association's Mono-

graph Series. The preface outlines 4 main

objectives and defines the target audience:

primarily the basic scientist, then the clini-

cian and student. This book does meet its

stated objectives and appeals to its audience

accordingly.

The book intends to provide a concen-

trated body of information on the physio-

logic and morphologic processes from a

macro perspective, and to describe how cel-

lular and molecular events drive those pro-

cesses. It is technically complex informa-

tion. As a clinician reading this collection, I

found it very interesting but at times slow

going. Also, relating the infomiation to prac-

tical clinical situations is sometimes diffi-

cult. This is not really a criticism, however,

as researchers in one specific area covered
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by the book may not be aware of some of

the information provided on other topics

covered.

The book is arranged in 3 sections. Sec-

tion I is dedicated to lung growth and de-

velopment. Parts of each chapter contain

some historical perspective on the scientific

advancements related to elucidating the con-

cepts of fetal circulation. The first chapter

starts with mention of William Harvey

(1578-1651), who recognized in the 1 7th

century that fetal circulation was different

from adult circulation. The chapter quickly

catapults us to the 20th century, describing

the vascular changes at birth, the effects of

oxygen, the vasoactive chemistry of the

lungs, and the changes that occur after birth.

The second chapter describes the embryo-

logic development of the pulmonary vascu-

lature, whereas the third and fourth chapters

describe the fetal pulmonary vascular devel-

opment. To underscore the scientific nature

of these writings. Chapter 3 details the de-

velopment of the mouse lung, and Chapter 4

then relates that to human lung development.

These chapters are probably of most benefit

to instructors and students covering this sub-

ject material because of the detailed descrip-

tions of the developmental vascular pro-

cesses of the lungs. They each contain some

historical information that makes reading in-

teresting. An example is the short discussion

on the human embryo collection of the Car-

negie Institute and some of tlie figures re-

lated to the history of the collection. Section

I is more introductory and macro in its scope,

which is a sharp contrast to the very specific

nature of the remaining chapters.

Section II covers cell growth and differ-

entiation as it relates to the pulmonary vas-

culature. This section, covering Chapters 5

through 13, engages in more biologically

complex subjects. The chapter titles include

"The Role of Thrombospondins 1 and 2 in

Vascular Development," and "Signal Trans-

duction Kinases in the Regulation of Matrix

Metalloproteinase-9 Expression in Vascu-

lar Smooth Muscle Cells." Obviously these

chapters contain complicated information

about cellular level processes, which is dif-

ficult for the clinician at the bedside to ap-

preciate. Again, this is not a criticism of the

book, because these discussions are impor-

tant to understanding the cellular and mo-

lecular pathways involved in regulating pul-

monary vascular homeostasis. Any clinician

who has treated a newborn with pulmonary

hypertension can appreciate the complexity

of this problem and the complexity of try-

ing to understand its mechanisms.

The final chapter of this section discusses

the mechanical forces related to vascular

growth. The discussion centers on the forces

that impose stress on the vasculature and

contains many concepts familiar to the re-

spiratory clinician, such as distending pres-

sure and shear forces. It also discusses re-

modeling of the pulmonary vasculature

because of problems such as too much pul-

monary blood flow, which is common in

many congenital cardiac anomalies. It also

discusses other clinical manifestations of this

type of puhnonary hypertension.

These chapters are not research manu-

scripts that detail the methods, results, and

analysis. The chapters concentrate on dis-

cussing results, conclusions, and specula-

tions. They also do a good job of pointing

to areas that require further research. Though

these chapters are technically complex, most

contain a good collection of readable graphs

and tables. The graphs are clearly labeled

and match their legends. The photographs

included in some of the chapters are of good

quality, and all relevant components of the

pictures are clearly labeled to match the leg-

ends. The photo legends also do a good job

of describing the photos. In such a publica-

tion, references are important and each chap-

ter is well referenced. Also, each chapter

credits the National Institutes of Health,

American Heart Association, March of

Dimes, or other grants that supported the

research.

Section III (Chapters 14 through 22) de-

scribes seme of the mechanisms that con-

trol pulmonary hemodynamics. The content

of many of these chapters should be of in-

terest to neonatal clinicians. They include 3

chapters that discuss various aspects of ni-

tric oxide, which is currently an important

gas in the treatment of persistent pulmonary

hypertension of the newborn. The chapter

on regulation of ion channels in the ductus

arteriosus is also particularly interesting to

the neonatal bedside clinician: it describes

some of the mechanisms by which increas-

ing oxygen at birth helps to close the duc-

tus, and the relationship to ductal tone. This

section concludes with a chapter on the re-

lationship between airway development,

vascular development, and abnormalities

caused by congenital diaphragmatic hernia.

This is an invaluable collection of mono-

graphs for anyone involved in basic science

research related to fetal pulmonary or car-

diopulmonary sciences. Some of the vascu-

lar pathways may also affect other pulmo-

nary smooth muscle and should stimulate

discussion among those involved in the ba-

sic science regimens related to neonatal pul-

monary medicine. Though the bedside cli-

nician may not be able to justify the $98 list

price of the book, anyone doing nitric oxide

research should have this monograph series

available and use it as a reference. It is highly

recommend as a reference book in any re-

spiratory or neonatal program Ubrary.

Michael Czervinske RRT
Respiratory Care Education

School of Allied Health

University of Kansas Medical Center

Kansas City, Kansas

Sleep and Breathing in Children: A De-

velopmental Approach. Gerald M Lough-

lin, John L Carroll, and Carole L Marcus,

editors. (Lung Biology in Health and Dis-

ease, Volume 147, Claude Lenfant. Execu-

tive Editor.) New York: Marcel Dekker.

2000. Hard cover, illustrated, 867 pages,

$235.

As interest in sleep disorders medicine

has heightened, there has been a parallel

divergence of knowledge regarding sleep

disorders that affect adults and those that

affect infants and children. Roughly a de-

cade ago there were few, even within the

adult sleep research community, who took

more than a passing interest in infants and

children with sleep disorders. This book

serves to amplify the importance of under-

standing the distinction between adult and

pediatric sleep medicine. In short, after read-

ing this book it would be difficult to hold to

a belief that pediatric sleep disorders do not

merit study and treatment, or that pediatric

sleep medicine is adult sleep medicine in

miniature. This is one reason this book is

compelling to read. It shares a common base:

sleep. It is the difference in how sleep is

organized and developed and how disorders

vary that makes it important to read.

This book is not a fireside read. It is

detailed, meticulously referenced, and gen-

erally well written by eminent specialists in

infant and pediatric sleep medicine. It de-

mands serious study. The book is sweeping

in its scope, addressing subjects from basic

sleep physiologic maturation all the way to

how to estabhsh and run a pediatric sleep

center. This book is the largest, most com-
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prehensive text written to date on sleep in

infancy and cliiidhood.

The book is divided into 5 parts: sleep

development, breathing dexeiopment, sleep

disorders, abnormal breathing during sleep,

and technological ad\ances in diagnosis and

management. The book is fairly well bal-

anced.

Though the book is broad in scope, some

information is absent. The important topic

of central sleep apnea is not specifically dis-

cussed in a separate chapter. The discussion

ofgastroesophageal reflux—a disordercom-

monly assumed to occur in infancy and

childhood in association with apnea—is not

discussed at much length. It is recognized

that this is, in part, due to lack of data.

It would have been more interesting to

read various theories of why there is dis-

cordance between the clinical experience of

many specialists and the lack of data to sup-

port the opinion that reflux causes apnea.

Some of this was discussed in the chapter

on apparent life-threatening events (ALTE),

in addition to the reflux chapter, but the

studies listed in Table 3 on page 3 1 ranged

between finding that 24-62% of ALTE in-

fants also had gastroesophageal reflux dis-

ease, but with a reference in the text of an

association of up to 93%. The discussion of

reflux was confusing and perhaps ct)uld have

been explained better, particularly when

studies referenced by the author have shown

that continuous positive airway pressure re-

verses reflux in patients, as the author notes

on page 401. What is the nature of the link?

Is there one?

1 would have also found helpful an ap-

pendix of normative values for the various

disorders, to use as a simple tool to compare

sleep studies. It is recognized that the field

has evolved but not far enough to complete

the table without some controversy. How-

ever, this would have been a helpful orga-

nizational tool to help remember the clini-

cal material or to use for quick reference.

There were many chapters that had clear

and concise tables displaying data. For ex-

ample, one will find a quick indexing of

information by tables in the chapter on

ALTE, which lists the causes, investigations

into ALTE, and the proportion of ALTE
infants by diagnostic categories. The same

is true of obstructive sleep apnea in Table 2

(page 578) and for the chapter on the neu-

ropsychological consequences of disordered

breathing during sleep.

One of the highlights of the text are the

figures in Chapter 1 1 , "Upper Airway Mus-

cle Function During Sleep," and Chapter

12. "Craniofacial Development and the Air-

way During Sleep." These figures will be

used routinely as teaching tools for medical

students for years to come.

I applaud the authors for accomplishing

their goal of providing a first rate textbook

on sleep and breathing in children. The read-

ers who will appreciate this book the most

will be the sleep specialist and the serious

student of sleep and breathing disorders. This

text will probably be a main textbook in the

subject of sleep and breathing in children

for years to come.

Ralph Downey III PhD
Sleep Disorders Center

Departments of Medicine and Pediatrics

Loma Linda University

School of Medicine

Loma Linda, California
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family-friendly benefits which include

Health/DentalA^sion after 30 days. Vacation,

Sick & Holiday, Tuition Reimbursement for

continued education, 401 (k) plan. Sick child-

care and more. Apply

on-line today at

www. Heartland-

Health.com, or call Jean

Rush, (800)443-1143,

X 7502. Email:

Jean.Rush@mail.

Heartland-Health.com.

LOE

Heartland Health

Catholic Healthcare West

T ^^^ Respiratory
Therapists

St. Joseph's Medical Center, Stockton

SIGN-ON BONUS

...is recruiting FT Registered and Registry Eligible

Respiratory Therapists for the night shifts (7pni to 7am).
Requirements; Current CA license. Healthcare Provider

CPR and six (6) months of experience preferred.

St. Joseph's Medical Center is located in rural San
Joaquin Valley. Centrally located to Wine Country, Lake

Tahoe, Yosemite and 1 /: hours from San Francisco, with

an ACE Train that can transport you to the San
FranciscoBay Area.

Come join our team of healthcare professionals! Call

Robert Wright. Manager, (209) 467-6334 for an interview.

Fax resume 209-461-5435, or e-mail P6brown@chw.edu

AA/EEO/M/F/DA'-

Circle 123 on product information card

Circle 118 on product Information card

GLENNMEDICAL
SYSTEMS

MEDICAL EaUIPMENT
l\IEVU/USED/RECOI\iDimi\IED

PURCHASED/SOLD/REPAIRED

ALL SOLD WITH WARRANTY!!
CPAPs, BiPAPs, Oximeters, IPPB'S,

Ventilators, Lox Units, Suction units,

50 PS! Oompressors, Apnea Monitors,

Analyzers and Ooncentrators

Repairs
Ventilators, Liquid units,

Ooncentrators, IPPB units,

Oximeters & Probes, Suction units,

S. 50 psi Compressors

Respiratory Tlierapists
Help your patients sell

their unwanted medical equipment.
* * *FINDERS FEE AVAILABLE* * *

1-800-394-oiy^ extzS &16
www.glennmedicalcom
Circle 112 on product information card



American Association for Respiratory Care

MEMBMRSHIR APPUCATION
ACTIVE MEMBER
An individual is eligible if he/she lives in ihe U-S or ils territories or was on Active Member
prior to movinq outside its borders or territories, ond meets ONE of the following criteria. (1

)

IS leqolly credentioled as o respiratory care professional if employed in a state that

mandates such, OR (2) is a graduate of on accredited educational program in respiratory

core, OR (3) holds a credential issued by the NBRC

ASSOCIATE OR SPECIAL MEMBER
Individuols who hold o position related to respiratory core but do not meet the requirements
of Active Member sholl be Associate Members- They hove all the rights and benefits of the

Association except to hold office, vote, or serve as chair of o standing committee The
following subclasses of Associate Membership ore ovailoble Foreign, Physician, and
Industrial {individuols whose primary occupation is directly or indirectly devoted to the

manufacture, sole, or distribution of respiratory care equipment or supplies) Special
Members are those not working in o respiratory care-related field

STUDENT MEMBER
individuals will be classified as Student Members if tfiey meet all the requirements for

Associate Membership ond are enrolled in on educational program in respiratory core
occredited by, or in the process of seeking occreditotion from, on AARC-recognized agency,

SPECIAL NOTICE — Student Members do not receive Continuing Respirofory Care
Education (CRCE) tronscripts Upon completion of your respiratory core education,
continuing education credits may be pursued upon your reclassification to Active or
Associate Member.

Please read the eligibility requirements for each of the classifications

above, then complete the form. All information requested must be
provided, except where indicated as optional. See other side for more
information and fee schedule. Please sign and date application on reverse

side and type or print clearly. Processing of application takes
approximately 15 days.

D Active

Associate

n Foreign

D Physician

n Industrial

D Special

D Student

Last Name _

First Nome

Social Security No.

Home Address

City

State .Zip

Phone No.

Work Information:

PLEASE USE THE ADDRESS OF THE LOCATION WHERE YOU PERFORM YOUR JOB, NOT THE
CORPORATE HEADQUARTERS IF IT IS LOCATED ELSEWHERE.

Place of Employment

Address

City _

State .Zip

Phone No.

Preferred Fax No.j

Preferred Email Address _
Preferred mailing address:

Would you like to receive our monthly newsletter, AARC Report,

by email?

D Yes D No

Have you ever been or are you currently in the military?

D Yes D No

Demographic Questions (optional)

We request that you answer these questions in order to help us design

services and programs to meet your needs.

Primary Job Responsibility (check one only)

D Director (Technical or Program) H Therapist/Technician

D Supervisor D Medical Director

n Diagnostic Technologist n Student

D Instructor/Educator 3 Staff Nurse

Other, specify

Type of Business

D Educational Institution

D DME/HME
D Home Health Agency

n Hospital/Acute Care

D Other, specify

Manufacturer or supplier

Outpatient Clinic

Physicion office

Skilled Nursing Facility

Check the Highest Degree Earned
D High School D Bachelor's Degree

n RC Graduate Technician Master's Degree

n Associate Degree D Doctorate Degree

Number of Years in Respiratory Care
^ 0-2 years lIi 11-15 Years

D 3-5 years D 16 years or more

n 6-10 years

Job Status

D Full Time

Credentials

D RRT

D CRT

n Physician

D CRNA
D RN

Dote of Birth

n Part Time

D LVN/LPN

n CPFT

n RPFT

D Perinatal/Pediatric

Sex

FOR STUDENT MEMBER - REQUIRED
School/RC Program

Address

City

State .Zip

Phone No.

Home 3 Business

Expected Date of Graduation (required inforaution)

Month Year

American Association for Respirotory Care • 11030 Abies Lane • Dallas, TX 75229-4593 • [972] 243-2272 • Fax [972] 484-2720



American Association for Respiratory Care MEMBERSHIP APPLICATION
Membership Fees
Payment must accompany your application to the AARC. Fees ore

for 12 months. These fees contain the $12.50 new members

processing fee. Renewing members (except students) con deduct

$12.50.

CHOOSE ONE LEVEL OF MEMBERSHIP

AARC REGULAR MEMBERSHIP (Receive both AARC Times and

Respiratory Care journal)

C Active $102.50

—

D Associate (Industrial or Physician] $102.50

D Associate (Foreign] $117.50

n Special $102.50

D Student $ 50.00

OR

AARC CHOICE MEMBERSHIP(Choose one publication]

u Active $ 91.00

D Associate (Industrial or Physician) $ 91.00

D Associate (Foreign) $106.00

D Special $ 91.00

I want ~ AARC Times ^ Respiratory Core journal

OR

AARC PLUS MEMBERSHIP (All publications and other items)

G Active $137.50

D Associate (Industrial or Physician) $137.50

D Associate (Foreign) $177.50

D Special $137.50-

(Includes one free section - please mark choice below.)

Specialty Sections (optional)

Established to recognize the specialty areas of respiratory core,

these sections publish a newsletter four times o year that focuses on

issues of specific concern to that specialty. The sections also design

the specialty programming at the national AARC meetings.

n Adult Acute Care Section

D Education Section

n Perinatal-Pediatric Section

n Diagnostics Section

n Continuing Care-

Rehabilitation Section

D Management Section

D Transport Section

n Home Care Section

D Subacute Core Section

$15.00-

$20.00

$15.00

$15.00

$15.00

$20.00

$15.00

$15.00

$15.00-

PLEASE SIGN
I hereby apply for membership in the American Association for Respiratory Care

and hove enclosed my dues If approved for membership in the AARC, 1 will

abide by its bylaws and professional code of ethics I authorize investigation of

all statements contained herein and understand that misrepresentations or

omissions of facts called for is cause for rejection or expulsion

A yearly subscription to RESPlliATORy Care journol and AARC Times magazine

mcludes an ollocation of $11 .50 from my dues for each of these publications

NOTE: Contributions or gilts to the AARC are not tax deductible as charitable

contributions lor income tax purposes. However, they may be tax deductible as

ordinary and necessary business expenses subject to restrictions imposed as a

result al association lobbying activities- The AARC estimates that the

nondeductible poriion ol your dues — the portion which is allocable to lobbying

— is 26%.

Signature

Date

TOTAL MEMBERSHIP FEE $_

TOTAL SECTION FEE

GRAND TOTAL = Membership Fee

plus optional sections

u Total Amount Enclosed $_

n Please charge my dues (see below)

To charge your dues, complete the following:

D MasterCard

n Visa

Cord Number

Mail application and appropriate fees to:

American Association for Respiratory Care • 11030 Abies Lane • Dallas, TX 75229-4593 • [972] 243-2272 . Fax [972] 484-2720



RE/PIRATORy QiRE

Manuscript Preparation Guide

Respiratory Care welcomes original in;iniiscripts related to the sci-

ence and technology of respiratory care and prep;ired according to the

following instructions and the Unifonn Reqiiiremenlsfor Mumiscripts

Submined to Biomedical Journals ( a\ai lable at htlp://w\\»: icmje. org/

index.html). Manuscripts are blinded and reviewed by profession-

als with experience in the subject of the paper. Authors are respon-

sible for obtaining written permission from the original copynght hold-

er to use previously published figures and tables. Before publication,

authors receive page proofs and are allowed to make only minor cor-

rections. Accepted manuscripts are copy-edited for clarity, concision,

and consistency with RESPIRATORY Care's format. Published

papers are copyrighted by Daedalus Inc and may not be published else-

where without permission. Editorial consultation is available at any

stage of planning or writing: contact the Editorial Office, 600 Ninth

Avenue, Suite 702, Seattle WA 98104, (206) 223-0558, fax (206)

223-0563, E-mail: rcjoumal@aarc.org

Categories of Articles

Research Article: A report of an original investigation (a study). Must

include: Title Page. Abstract, Key Words, Introduction, Methods,

Results, Discussion, Conclusions, and References, May also include:

Tables. Figures (if so, must include Figure Legends). Acknowledg-

ments, and Appendixes.

Review: A comprehensive, critical review of the literature and state-

of-the-art summary of a topic that has been the subject of at least 40

published research articles. Must include: Title Page, Outline,

Abstract, Key Words, Introduction, Review of the Literature, Sum-

mary, and References. May also include: Tables, Figures (if so, must

include Figure Legends), Acknowledgments, and Appendixes.

Overview: A critical review of a pertinent topic that has fewer than

40 published research articles. Same structure as Review Article.

Update: A report of subsequent developments in a topic that has been

critically reviewed in RESPIRATORY CARE or elsewhere. Same struc-

ture as a Review Article.

Special Article: A pertinent paper not fitting one of the other cate-

gories. Consult with the Editor before writing or submitting such a

paper.

Editorial: A paper addressing an issue in the practice or administration

of respiratory care. It may present an opposing opinion, clarify a posi-

tion, or bring a problem into focus.

Letter: A brief, signed communication responding to an item pub-

lished in RESPIRATORY Care or about other pertinent topics.

Tables, Figures, and References may be included. The letter should

be marked "For Publication."

Ca.se Report: Report of an uncommon clinical case or a new or

improved metliod of m;uiagement or treaUnent. A ca.se-m;uiaging physi-

cian must either be an autlior or furnish a letter approving the m;uiu.script.

Must include: Title Page, Abstract, Key Words, Introduction, Case

Summary, Discussion, and References. May also include: Tables, Fig-

ures (if .so, must include Figure Legends), and Acknowledgments.

Point-of-View: A paper expressing personal but substantiated opinions

on a pertinent topic. Must include: Title Page, Text, and References. May

also include: Tables and Figures (if so, must include Figure Legends).

Drug Capsule: A miniature review paper about a drug or class of drugs.

Drug Capsules address pharmacology, pharmacokinetics, and/or phar-

macotherapy.

Graphics Comer: A brief, instructive case report discussing and illus-

trating waveforms for monitoring or diagnosis. Must include: Ques-

tions. Answers, and Discussion.

PFT Comer: A brief, instructive case report arising from pulmonary

function testing, accompanied by a review of the relevant physiolo-

gy and appropriate references to the literature. Must include: Ques-

tions, Answers, and Discussion.

Test Your Radiologic Skill: A brief, instructive case report pertinent

to respiratory care and involving imaging, including one or more radio-

graphs or other images submitted as black and white glos.sy photographs

that clearly illustrate the teaching points being made. Must include:

Questions, Answers, and Discussion.

Preparing the Manuscript

Double-space the text and number the pages. Do not include author

names, author institutional affiliations, or allusions to instioitional affil-

iations anywhere except on the title page. On the Abstract page include

the title but do not include author names. Begin each of the follow-

ing on a new page: Title Page, Abstract, Text, Acknowledgments, Ref-

erences, each Table, each Figure, and each Appendix. Use standard

English in the first person and active voice. Type all headings in ini-

tial-capital letters (eg. Introduction. Methods, Patients, Equipment,

Statistical Analysis, Results, Discussion). Center the main section head-

ings and place second-level headings on the left margin.

Abstract. Please ensure that the abstract does not contain any facts

or conclusions that do not also appear in the body text. Limit the abstract

to no more than 250 words.

Key Words. Include a list of 6 to 10 key words or key phrases in

Research Articles. Reviews. Overviews. Special Articles, and Case

Reports. Key words are best selected from the Medical Subject Head-

ings (MeSH ) used by MEDLINE and available at http./Avww.nlin.nih.

gov/inesli/meshhome.html.
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Manuscript Preparation Guide

References. Assign reference numbers in the order that articles are

cited in your manuscript. At the end of the manuscript, list the cited

works in numerical order. Abbreviate journal names as in Index Medi-

cus. List all authors. If the research has not yet been accepted for pub-

lication, cite the research as a personal communication (eg.

Smith KR, personal communication, 2001 ); however, you mustobuiin

written pennissionfrom the author to cite his or her impiihlished data.

Do not number such references; instead, make parenthetical reference

in the body text of your manuscript. Example: "Recently. Jones at al

found this treatment effective in 45 of 83 patients (Jones HI, personal

communication, 2000)."

Corporate author book:

American Medical Association Department of Drugs. AMA
drug evaluations, 3rd ed. Littleton CO: Publishing Sciences

Group; 1977.

Chapter in book with editor(s):

IsonoS. Upper airway muscle function during sleep. In: Lough-

lin GM, Carroll JL, Marcus CL, editors. Sleep and breathing in

children: a developmental approach. (Lung Biology in Health and

Disease, Vol 147, Claude Lenfant, Executive Editor.) New

York/Basel: Marcel Dekker; 2000:261-291.

The following examples show RESPIRATORY Care's style

for references.

Paper accepted but not yet published:

Hess D. New therapies for asthma. Respir Care (year, in press).

Article in a journal carrying pagination throughout the volume:

Legere BM, Kavuru MS. Pulmonary function in obesity.

Respir Care 2000;45(8):967-968.

Article in a publication that numbers each issue beginning with Page 1

:

Kallstrom TJ. Focus on asthma—disease management: a role for

the respiratory therapist. AARC Times 1999;23(Oct):16, 17, 19.

Corporate author journal article:

American Association for Respiratory Care. Clinical Practice

Guideline. Removal of the endotracheal tube. Respir Care

1999:44(1 ):85-90.

Article in journal supplement: (Journals differ in numbering and iden-

tifying supplements. Supply infonnation sufficient to allow retrieval.)

Barnes PJ. Endogenous inhibitory mechanisms in asthma. Am
J Respir Crit Care Med 2000; 161(3 Pt 2):S176-S181.

Abstract in journal: (Abstracts citations are to be avoided, and those

more than 3 years old should not be cited.)

Volsko TA, De Fiore J. Chatbum RL. Acapella vs flutter: per-

formance comparison (abstract). Respir Care 2000:45(8):991.

Editorial in a journal:

Giordano SP. What's that sound? (editorial) Respir Care

2000;45(10):1167-1168.

Editorial with no author given:

The perils of paediatric research (editorial). Lancet

1 999:353(9 154):685.

Letter in journal:

Piper SD. Testing conditions for nebulizers (letter). Respir Care

2000;45(8):971.

World Wide Web
American Lung Association. Trends in pneumonia, influenza, and

acute respiratory conditions mortality and morbidity. February, 2000.

http://www.lungusa.org/data. Accessed November 20, 2000.

Tables. Tables should be consecutively numbered. At the bottom

of the table define and/or explain all abbreviations and symbols used

in the table. For footnotes use the following symbols, superscripted,

in the table body, in the following order: *, t, +, §. ||, |, **, tt- If

data include a "±" value, please indicate whether the value is a stan-

dard deviation or standard error of the mean.

Figures (illustrations). Figures include graphs, line drawings, pho-

tographs, and radiographs. All figures should be sharp black-and-

white images and be camera-ready. Glossy prints are preferred, but

a good laser print will do. Use only illustrations that clarify and aug-

ment the text. Radiographs should clearly illustrate the point being

made and should be submitted as black-and-white glossy photographs.

If color is essential to the figure, consult the Editorial Office for

more information. In reports of animal experiments, use schemat-

ic drawings, not photographs. A letter of consent must accompa-

ny any photograph of an identifiable person. Number figures con-

secutively as Figure 1, Figure 2, etc. All the figures must be mentioned

in the text. Every figure must have a legend (a title and/or descrip-

tion explaining the figure). Figure legends should appear as sep-

arate paragraphs at the end of the manuscript (after the References

section), in the same computer file as the manuscript (not in a sep-

arate file, as with the tables and figures).

Do not create scanned versions of figures borrowed from other pub-

lications; clear photocopies are preferable. To include figures pre-

viously published in other publications you must obtain permission

from the original copyright holder. Figures must be of professional

quality and a copy of the article from which the figure came should

be available.

Drugs. Precisely identify all drugs and chemicals used, giving gener-

ic (nonproprietary) names, doses, and methods of administration.

Brand or trade names may be given in parentheses after generic

names.

Book: (For any book, specific pages should be cited whenever ref-

erence is made to specific statements or other content.

)

Cairo JM, Pilbeam SP. Mosby's respiratory care equipment. 6th

ed. St Louis: Mosby; 1999:76-85.

Commercial Products. In the text, parenthetically identify com-

mercial products only on first mention, giving the manufacturer's

name and location. Example: "We performed spirometry (1085 Sys-

tem, Medical Graphics, Minneapolis, Minnesota)." Provide model
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numbers it a\ ailablc, and manufacturer's suggested price il llic study

has cost implications.

Permissions: You must obtain written permission to use pictures

of identifiable indi\ iduals or to name indi\ iduals in the Acknowl-

edgments section. You must obtain written permission from the

original copyright holder to use figures or tables from other pub-

lications. Copies of all applicable permissions must be on file at

RtiSPIRATORY Care before a manuscript goes to press. Copyright

is most often held by the journal or book in which the figure or table

originally appeared and applies to the creativity, style, and form

in which the facts/data are presented to the reader; the facts them-

selves are not copyright-protectable. Therefore, permission is required

to reproduce a table or figure directly, or with minor adaptations,

from a journal or book, but permission is not required if data are

extracted and presented in a new format. In that case, cite the source

of the data as in the following example: "Adapted from Reference

23."

abbreviation only if the term occurs 4 or more times in the paper.

Parenthetically define nil abbreviations: write out the full term on

first mention, followed by the abbreviation in parentheses.

Example: chronic obstructive pulmonary di.sease (COPD). There-

after use only the abbreviation. .Standard units of measurement and

scientific temis can be abbreviated without explanation (eg, L/min,

mm Hg, pH, O2).

Please use the following forms: cm H2O (not cmH20), f (not bpm),

L (not I), L/min (not LPM, l/min, or 1pm), mL (not ml), mm Hg (not

mmHg), pH (not Ph or PH), p > 0.(X)l (not p>0.001 ), s (not sec), Sp02

(arterial oxygen saturation measured via pulse-oximetry).

Prior and Duplicate Publication. In general, do not submit work tliat

has been published or accepted elsewhere, though in special

instances the Editor may consider such material if the original pub-

lisher grants permission. Please consult the Editor before submitting

such work.

Ethics. When reporting experiments on human subjects, indicate that

procedures were conducted in accordance with the ethical standards

of the World Medical Association Declaration ofHelsinki (see Respir

Care 1997;42(6):635-636; also available at http:/A\-wn:wma.net/e/

17-c_eparagraplmumhering.hnnl) or of the institution's committee

on human experimentation. State that informed consent was

obtained. Do not use patients' names, initials, or hospital numbers in

text or illustrations. When reporting experiments on animals, indicate

that the institution's policy, a national guideline, or a law on the care

and use of laboratory animals was followed.

Statistics. Identify the statistical tests used in analyzing the data and

give the prospectively determined level of significance in the Meth-

ods section. Report p values in the Results section. Cite only textbook

and published article references to support choices of tests. Paren-

thetically identify any computer programs used. If data include a
'±"

value, plea.se indicate whether the value is a standard deviation or stiui-

dard error of the mean.

Units of Measurement Express all measurements in SI (Systeme Inter-

nationale) units (units and conversion factors listed at Respir Care

1997:42(6):()40 and also available at Imp://www. rcjournal.com/

aulhor_gitide/ Show gas pressures (including blood gas tensions) in

millimeters of mercury (mm Hg),

Conflict of Interest. On the cover page, authors must disclose any

liaison or financial arrangement they have with a manufacturer or

distributor whose product is addressed in the manuscript or with the

manufacturer or distributor of a competing product. Such arrange-

ments do not disqualify a paper from consideration and are not dis-

closed to reviewers. Reviewers are screened for possible conflict of

interest.

Abbreviations and Symbols. Use the standard abbreviations and

symbols listed at Respir Care 1997;42(6):637-642 (also available

at http://www.rcjoiirnal.coin/aiithor_gtiide/). Do not create new

abbreviations. Do not use abbreviations in the title or section head-

ings and do not use unusual abbreviations in the abstract. Use an

Authorship. All persons listed as authors must have participated in

the reported work and in the shaping of the manuscript, all must have

proofread the submitted manuscript, and all should be able to pub-

licly discuss and defend the paper's content A paper ofcorporate author-

ship must specify the key persons responsible for the article. Attri-

bution of authorship is not ba.sed .solely on solicitation of funding,

collection or analysis of data, provision of advice, or similar services.

Persons who provide such ancillary services may be recognized in an

Acknowledgments section, but written permission is required from

the persons acknowledged.

Reviewers: Please supply the names, credentials, affiliations, address-

es, and phone/fax numbers of 3 professionals whom you consider expert

on the topic of your paper. Your manuscript may be sent to one or

more of them for blind peer review.

Submitting the Manuscript

Submit 3 printed copies and one (3.5-inch) computer diskette. The

printed copies should each include photocopies of all of the Figures,

Tables, and Appendixes. On the diskette, the manuscript should be

in one file and the tables in a separate file. If soft copies of the fig-

ures are available, they should also be in a separate file. However, do

not create .scanned versions offigures borrowedfrom otherpublications:

clear photocopies are preferable. Include the completed Cover Let-

ter and Checklist (see next page) and permission letters. Mail to RES-

PIRATORY Care, 600 Ninth Avenue, Suite 702, Seattle WA 98 1 04.

Do not fax manuscripts. Receipt will be acknowledged.

Respiratory Care
Editorial Office:

600 Ninth Avenue, Suite 702

Seattle WA 98104

(206) 223-0558 (voice)

(206) 223-0563 (fax)

rcjournal (s' aarc.org
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Cover Letter & Checklist
A copy of this completed form must accompany all manuscripts submitted for publication.

Title of Paper:

Publication Category; _

Corresponding Author:

Mailing Address:

Reprints: Yes No

Phone: _FAX:

E-mail Address:

"We, the undersigned, have all participated in the work reported, proofread the accompanying manuscript, and approve its sub-

mission for publication." Please print and include credentials, title, institution, academic appointments, city and state. If more
than 4 authors, please use another copy of this form.*

*First Author:

*Second Author:

•Third Author:

Author Signature/Date_

Author Signature/Date.

Author Signature/Date,

•Fourth Author:

Author Signature/Date.

Has this research been presented in any public forum? Yes No

If yes, where, when and by whom?

Has this research received any awards? Yes No

If yes, please describe.

Has this research received any grants or other support, financial or material? Yes No

If yes, please describe.

Do any of the authors of this manuscript have a financial interest in (or a commercial or consulting relationship to) any of the

products or manufacturers mentioned in this paper or any competing products or manufacturers? Yes No

If yes, please describe.

Have you enclosed a copy of the manuscript on diskette?

Is double-spacing used throughout entire manuscript?

Are all pages numbered in upper-right corners?

Are all references, figures, and tables cited in the text?

Has the accuracy of the references been checked, and are they correctly formatted?

Have SI values been provided?

Has all arithmetic been checked?

Have generic names of drugs been provided?

Have necessary written permissions been provided?

Have authors' names been omitted from text and figure labels?

Have copies of 'in press' references been provided?

Has the manuscript been proofread by all the authors?

Have the manufacturers and their locations been provided for all devices and equipment used?
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Respiratory Care • Open Forum 2002

48th International Respiratory congress • Tampa, Florida U.S.A.

The American Association for Respiratory Care and its sci-

ence journal. Respiratory Care, invite submission of brief ab-

stracts related to any aspect of cardiorespiratory care. The ab-

stracts will be reviewed, and selected authors will be invited lo

present posters at the OPEN Forum during the AARC
International Respiratory Congress in Tampa, Florida, October

5-8, 2002. Accepted abstracts will be published in the August

2002 issue of RESPIRATORY CARE. Membership in the AARC is

not required for participation. All accepted abstracts are automat-

ically considered for ARCF research grants.

SPECIFICATIONS—READ CAREFULLY!

An abstract may report (1) an original study, (2) the evalua-

tion of a method, device or protocol, or (3) a case or case se-

ries. Topics may be aspects of adult acute care, continuing

care/rehabilitation, perinatology/pediatrics, cardiopulmonary

technology, or health care delivery. The abstract may have been

presented previously at a local or regional—but not national

—

meeting and should not have been published previously in a na-

tional journal. The abstract will be the only evidence by which

the reviewers can decide whether the author should be invited to

present a poster at the Open Forum. Therefore, the abstract must

provide all important data, findings, and conclusions. Give spe-

cific information. Do not write such general statements as

"Results will be presented" or "Significance will be discussed."

ESSENTIAL CONTENT ELEMENTS

Original study. Abstract must include ( 1 ) Background: state-

ment of research problem, question, or hypothesis; (2) Method:

description of research design and conduct in sufficient detail to

permit Judgment of validity; (3) Results: statement of research

findings with quantitative data and statistical analysis; (4)

Conclusions: interpretation of the meaning of the results.

Method, device, or protocal valuation. Abstract must in-

clude ( 1 ) Background: identitlcation of the method, device, or

protocol and its intended function; (2) Method: description of the

evaluation in sufficient detail to permit judgment of its objectivi-

ty and validity; (3) Results: findings of the evaluation; (4)

Experience: summary of the author's practical experience or a

lack of experience; (5) Conclusions: interpretation of the evalua-

tion and experience. Cost comparisons should be included where

possible and appropriate.

Case report. Abstract must report a case that is uncommon or

of exceptional educational value and must include (1)

Introduction: relevant basic information important to under-

standing the case. (2) Case Summary: patient data and response,

details of interventions. (3) Discussion: content should reflect re-

sults of literature review. The author(s) should have been actively

involved in the case and a case-managing physician must be a co-

author or must approve the report.

submit your Open Forum abstract electronically

,
visitwww.rcjoumal.com

,

FORMAT AND TYPING INSTRUCTIONS

Accepted abstracts will be photographed and reduced by 40%;

therefore, the size of the original text should be at least 10 points. A
font like Helvetica or Times makes the clearest reproduction. The

first line of the abstract should be the title in all capital letters. Title

should explain content. Follow title with names of all authors (in-

cluding credentials), institution(s), and location; underline presen-

ter's name. Type or electronically print the abstract single .spaced in

one paragraph on a clean sheet ofpaper, using margins set so that

the abstract will fit into a bo.x no bigger than 18.8 cm (7.4") by 13.9

cm i5.5"). as shown on the reverse of this page. Insert only one let-

ter space between sentences. Text submission on diskette is allowed

but must be accompanied by a hard copy. Data may be submitted in

table form, and simple figures may be included provided they fit

within the space allotted. Nofigure, illustration, or table is to be at-

tached to the abstractform. Provide all author information request-

ed. Standard abbreviations may be employed without explanation;

new or infrequently used abbreviations should be spelled out on

first use. Any recurring phrase or expression may be abbreviated, if

it is first explained. Check the abstract for ( 1 ) errors in spelling,

grammar, facts, and figures; (2) clarity of language; and (3) confor-

mance to these specifications. An abstract not prepared as requested

may not be reviewed. Questions about abstract preparation may be

telephoned to Linda Barcus at (972) 406-4667.

ELECTRONIC SUBMISSION

We encourage electronic submission. Send all submissions to bar-

cus@aarc.org. They will be acknowledged immediately via return e-

mail. Mailed confirmation copies are not necessary, except that we

ask you to fax a hard copy of your abstract so we can check it for ac-

curacy against the electronic version. The fax number is 972^84-

6010 (marked to the attention of Linda Barcus). Paper size should be

8.5" X 11" (approx21 x 28 cm), with all 4 margins set to 1.5" (approx

4 cm). Figures & Tables. Save the text portion of your abstract in a

Microsoft Word compatible file format. Excel is preferred for any ac-

companying graphics. If you do not have an Excel compatible format,

save your graphics as I IFF or EPS files. Simply renaming a file with

a .tif or .eps suffix will not work. Do not send Lotus files. Please send

the figure as an attachment separate from the text. We can reduce it to

the correct size, but unless you send the figure by itself, all we will

have is an image that cannot be reproduced. The fax copy you send

will show us the exact placement and size of the figure. Remember

that all figures and tables will be greatly reduced in size, so keep them

simple enough to be readable.

Deadline. The mandatory Deadline is April 30, 2002 (post-

mark). Authors will be notified of acceptance or rejection by letter

only. These letters will be mailed by June 15, 2002.

Mailing Instructions. Mail (Do not fax!) 2 clear copies of the

completed abstract form, diskette (if possible), and a stamped,

self-addressed postcard (for notice of receipt) to:

2002 Respiratory Care Open Forum

11030 Abies Lane

Dallas TX 75229-4593



Respiratory Care Open Forum 2002 Abstract Form

Set margin to 1 .

5

top, left, right,

bottom.

Set paper size to

8 1/2" X 11"

1

.

Title must be in all

uppercase (capital)

letters, authors' full

names and text in

upper and lower case.

2. Follow title with all

authors' names

including credentials

(underline presenter's

name), institution, and

location.

3. Do not justify (ie,

leave a 'ragged' right

margin).

4. Do not use type size

less than 10 points.

5. All text and the table,

or figure, must fit into

the rectangle shown.

(Use only 1 clear, con-

cise table or figure.)

6. Submit 2 clean copies.

Mail original & 1

photocopy (along with

postage-paid postcard) to

2002 Respiratory
Care Open Forum
11030 Abies Lane

Dallas TX 75229-4593

ore-mail it to

barcus@aarc.org

Deadline is

April 30. 2002

(postmark)

Electronic

Submission Is Now

Available. Visit

www.rcjournal.com

to find out more



News releases about new products and sen ices will be considered tor publication in this section

There is no charge for these hstings. Send descriptive release and glossy black and white photographs

to RESPIRATORY CARE. New Products & Services Dept. 1 1030 Abies Lane. Dallas TX 7.'i22y-45'J3.

The Reader Service Card can be found al the back ot" the Journal.

New Products

& Services

Pulse Oximeter. The Electromedical

Systems Division of Siemens Medical

Solutions USA, Inc recently introduced

the Infinity MicrO:+ pulse oximeter.

It offers state-of-the-art motion tolerance

and digital signal processing for ambula-

tory, pediatric, and neonatal patients, ac-

cording to Siemens. The INFINITY

MICRO:-!- also supports telemetry moni-

toring, and the manufacturer claims that it

addresses the problems of motion and re-

sulting false readings that occur in ambu-

latory adult patients as well as in cold,

shivering, or active infants. The
MlCRGi-l- can work either on a stand-

alone basis or as part of the INFINITY

Telemetry System. The device weighs

less than 8 ounces and is pocket-sized. It

supports multiple sensors and provides

full alarm capabilities, and also features

rapid response time, 24-hour outpatient

trends directly to a PC, and up to 36 hours

of continuous monitoring. For more in-

formation from Siemens, circle number

161 on the reader service card in this

issue, or send your request electronically

via "Advertisers Online" at

http://www.aarc.org/buyers_guide/

Oximeter. BCI Inc has introduced the

FingerPrint" Sleep Hand-Held Pulse

Oximeter. With its built-in summary

printer, the device was designed for sleep

screening studies in the sleep lab, clinical

environment, or home. The unit automati-

cally enters data collection mode after 10

minutes of continuous use and utilizes

minimal LED display when in this mode
to lengthen battery life, according to the

manufacturer. BCI says that the Finger-

Print also provides fast, reliable spot-

checking measurements of SpO:. pulse

rate, and pulse strength for use in clinical

or hospital environment. For more infor-

mation from BCI, circle number 162 on

the reader service card in this issue, or

send your request electronically via "Ad-

vertisers Online" at http://www.aarc.org/

buyers_guide/

CFC-Free Albuterol. GlaxoSmithKline

introduces Ventolin® HFA (albuterol sul-

fate HFA inhalation aerosol). Instead of

using chlorofluorocarbon (CFC) as a pro-

pellant, it uses an environment-friendly

alternative, hydrofluoroalkane (HFA), to

deliver medication into the lungs, accord-

ing to the manufacturer. Ventolin HFA is

a short-acting bronchodilator indicated

for the treatment or prevention of bron-

chospasm in adults and children 4 years

of age and older who have reversible ob-

structive airway disease, and for preven-

tion of exercise-induced bronchospasm in

patients 4 years of age and older. For

more information from GlaxoSmithKline,

circle number 163 on the reader service

card in this issue, or send your request

electronically via "Advertisers Online" at

http://www.aarc.org/buyers_guide/

Nasal CPAP Mask. Hans Rudolph Inc

has introduced a new Nasal CPAP/Bi-

Level Mask for obstructive sleep apnea

therapy. The mask is soft, light, and has

low dead space with multiple face-,sealing

options to guarantee a good seal and com-

fort, according to the manufacturer. The

patient can choose from 3 sealing sur-

faces: a soft silicone rubber mask flange,

a soothing Ultimate Seal"" gel accessory,

or a new lightweight, super-soft Comfort

Seaf'*^ foam accessory. An adjustable

nose strap allows additional custom fit-

ting, says Hans Rudolph. It is available in

3 sizes and has 3 sizes of either mesh-net

or strap-only headgear. For more infor-

mation from Hans Rudolph, circle num-

ber 164 on the reader service card in this

issue, or send your request electronically

via "Advertisers Online" at

http://www.aarc.org/buyers_guide/
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Notices

Notices of competitions, scholarships, fellowships, examination dales, new educational programs,

and the like will he listed here free of charge. Items for the Notices section must reach the Journal 60 days

before the desired month of publication (January 1 for the March issue, Februar\ 1 for the Apnl issue, etc), Include all

pertinent infomiation and mail notices to RESPIRATORY CARE Notices Dept. 1 1030 Abies Lane. Dallas TX 75229-4593.

^»uHd4- 2002
Withholding and Withdrawing Life Support in

the ICU — Gordon D Riibenfeld MD / Richard D
Branson BA RRT FAARC — Live February 12;

Audio March 5

Weaning from Mechanical Ventilation: New
Insights, New Guidelines— Neil R Maclntyre

MD FAARC/ Dean R Hess PhD RRT FAARC—
Live April 16; Audio May 14

Neonatal and Pediatric Ventilators: What's the

Difference? — Mark J Heulitt MD FAARC/
Richard D Branson BA RRT FAARC —Live May
21; Audio June 25

Ventilator Graphs: What's With That Wave? —
Jon O Nilsestuen PhD RRT FAARC/ Richard D
Branson BA RRT FAARC —Live July 16; Audio

August 13

Talking with Patients and Families About

Death and Dying— Helen M Sorensen MA RRT
FAARC/ David J Pierson MD FAARC —Live
August 20; Audio September 17

Pressure vs Volume Ventilation: Does It Matter?

— Robert S Campbell RRT FAARC/ Richard D
Branson BA RRT FAARC— Live September 10/

Audio October 8

Inpatient Management of COPD— Randall

Rosenblatt MD/ David J Pierson MD FAARC —
Live October 22; Audio November 12

High-Frequency Oscillatory Ventilation—
Thomas E Stewart MD/ Richard D Branson BA
RRT FAARC— Live November 19; Audio

December 10

Helpful LUeb.Sites

American Association for Respiratory Care

http://w\vw.aarc.org

— Current job listings

— American Respiratory Care Foundation
fellowships, grants, & awards

— Clinical Practice Guidelines

National Board for Respiratory Care

http://www.nbrc.org

RESPIRATORY CARE online

http://www.rcjournal.com

— Subject and Author Indexes

— Contact the editorial staFf

— Open FORUM; submit vour abstract online

Asthma Management
Model System

http://www.nhlbi.nih.gov

Keys to Professional Excellence

http://www.aarc.org/keys/

Committee on Accreditation for Respiratory Care

http://www.coarc.com

The National Board for Respiratory Care

—

Examination Fees for 2002

Examination

CRT

Perinatal/Pediatric

CPFT

RPFT

Examination Fees

$190 (new applicant)

$150 (reapplicant)

$250 (new applicant)

$220 (reapplicant)

$200 (new applicant)

$170 (reapplicant)

$250 (new applicant)

$220 (reapplicant)

RRT $190 (new) $150 (reapplicant) written only

(Written $200 (new and reapplicant) CSE only

& CSE) $390 (new) $350 (reapplicant) both

For information about other ser\ ices or fees, write to the

National Board for Respirator> Care.

8310 Nieman Road. Lenexa KS 66214. or call

(913) 599-4200. FAX (913) 541-0156.
ore-mail: nhrc-infoCs'nbrc.ori;
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Nol-for-profii organizations are offered a free advcrtisemenl of up to eight lines to appear, on a space-available

basis, in Calendar of Events in RESPIRATORY CARE Ads for other meetings are priced al $50 for members and $60 for nonmembers and

require an insertion order. Deadline is the 20ih of the month two months preceding the month in which you wish the ad to run.

Submit copy and insenlon orders to Calendar of Events. RliSPIRMOKY CARE. 1 1030 Abies Lane, Dallas TX 75229-4593.

Calendar

of Events

Date
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A new perspective

on ventilation

The iVent201 is a full featured ventilator. It's PC based

and features a true grapfiical interface. It's ideal for \he

ER, OR, Sub-Acute, Transport, and ICU.The iVent201

is approved for Home Care. And it's backed by our

no-exceptions technical support and unconditional

commitment to you.

Call us for a demo at 1.800.475.9239.

Or visit www.versamed.net. iVent is a trademark of VersaMed

Circle 105 on product information card



New EZ'PAP: The easyoption for afehitasis.

®DHD
Healthcare
Innovationsfor respiratory care

One Madison Sircel. Wampsvillc. NY 13163 USA
(Snni 847-8(HH) (315)363-2330 PAX: (315) 36.V:i6y4

wwwdhdcom

EZ PAP II a Iratlcmark of DHD Healthcare Conxiratitm

© 2IMK) DHD Healthcare Corporation

When incentive spirometry alone won't open patients' airways, expand your

options with new EZ-PAP. It makes providing positive airway pressure

positively easy. Simply connect to a tlow meter (wall air or Oi for

enhanced FiOi ), adjust to 5 - 15 1pm, and instruct the patient to breathe

diaphragmatically through the mouthpiece or mask.

No equipment to roll around. No labor-intensive

CPT. No extensive training. Just a few minutes of

therapy, once an hour — not for hours at a time.

EZ-PAP features a pressure port for connection to a gauge (recommended

for initial use with each patient), and standard 22-mm OD fitting to

accommodate a mouthpiece or 3 mask options. For more information,

call DHD Healthcare toll-f-e today: 1-800-847-8000.

Circle 1 1 5 on product Information cord


